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During reading, readers engage in comprehension and metacognitive processes. When
problems in integrating the current information with the situation model occur, readers tend to
make regressions—backward eye movements—to find information in prior text to resolve the
problem (Schotter et al., 2014). Prior research suggests that cues related to regressions are used
when making metacomprehension judgments. The usage of these cues may be influenced by a
person’s ability to attend to comprehension processes during reading. The current study
examined the relationship between comprehension and metacomprehension processes by using
regressions as a measure of online monitoring. Experiment 1 examined how attention to end-ofsentence regressions affected the usage of cues related to regressions. During reading,
participants heard tones when an end-of-sentence regression was made, random tones, or did not
hear tones. Participants in the random tone condition were less likely to use cues related to
regressions than participants that did not hear any tones. Experiment 2 examined how awareness
of comprehension difficulties and working memory affected the usage of cues related to
regressions when making metacomprehension judgments. During reading, participants
performed a secondary task that influenced the ability to attend to comprehension processes.

Participants also completed working memory tasks. Participants in the distracted condition were
less likely to use cues related to regressions than participants in the control condition. In
addition, participants with low attentional control were more likely to use cues related to
regressions than participants with high attentional control. The findings suggest that attention to
comprehension processes and working memory play an important role in the relationship
between comprehension and metacomprehension.
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CHAPTER I
INTRODUCTION
When studying for a test, students aim to improve their comprehension of the class
material. One of the decisions that students must make is determining what information needs to
be studied. However, to do so they must make a judgment about what information they already
know. Metacomprehension is one’s awareness of their understanding of a text, and it plays an
important role while studying as it affects what information is studied and consequently what is
learned (Thiede, Anderson, & Therriault, 2003). However, metacomprehension accuracy—the
ability to predict or evaluate test performance on a text—tends to be poor; resulting in an
inefficient allocation of resources while studying (Maki, 1998; Maki, Jonas, & Kallod, 1994). To
improve metacomprehension accuracy, it is important to understand the relationship between
comprehension and metacomprehension processes.
Nelson and Narens (1990) proposed a framework for metacognition that separates
cognitive processes into two separate, but interrelated levels: the object-level and the metalevel.
At the metalevel, there is a dynamic representation of the object-level. The metalevel and objectlevel interact through the processes of monitoring and control. Information at the object-level is
monitored by the metalevel resulting in changes of the dynamic representation. The metalevel
then controls the object-level by modifying the processes occurring at the object-level. Control
processes may include starting, continuing, or stopping actions at the object-level. Processes at
both levels are assumed to be occurring in parallel instead of serially (Nelson & Narens, 1994).
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Nelson and Narens’ framework can be applied to the interaction between comprehension
and metacomprehension processes. Under the assumption that comprehension processes occur at
the object-level, then metacomprehension processes would occur at the metalevel. As people
read a text, metacomprehension processes are monitoring the comprehension processes. For
example, readers may be assessing whether the information that is currently being read is
causing difficulties in understanding. Based on the evaluations, the metalevel then controls what
comprehension processes should occur. If a reader is having difficulty understanding the text,
then the reader might slow down or go back to a prior location in the text and reread that portion.
Theories in both the comprehension and metacomprehension domains theorize that monitoring
and control occur during reading. However, there is a lack of research examining how
comprehension and monitoring processes interact during reading.
One possible reason for the lack of integration of comprehension theories with
metacomprehension theories is the current paradigm for studying metacomprehension. Using the
current paradigm of reading a text, making a judgment, and taking a test, studies have found that
manipulations at the object-level can affect metacomprehension processes and manipulations at
the metalevel can affect comprehension processes (Maki, Willmon, & Pietan, 2009; Thiede,
Griffin, Wiley, & Redford, 2009; Thiede, Wiley, & Griffin, 2011). However, most studies keep
the reading of text and metacomprehension judgments in separate phases (Thiede et al., 2009).
Therefore, the interaction of online comprehension and monitoring processes cannot be
observed. Initial attempts at studying the interaction between the processes have been done using
alternative paradigms (Ozuru, Kurby, & McNamara, 2012; Yang, 2006). However, the methods
used in these studies either interfere with normal reading behavior or examine comprehension
and metacomprehension separately.
2

One step towards the integration of the two domains is to use an experimental paradigm
that allows the observation of both online comprehension and monitoring processes. One method
is to use an implicit measure of metacomprehension that would indicate when metacognitive
processes occur during reading without affecting normal reading behavior. Using an implicit
measure, experimenters would not be required to introduce a task to assess online
comprehension, such as verbalization of thoughts, that is not normally performed during reading.
It would also provide an operationalization of metacomprehension without requiring readers to
make a numerical metacomprehension judgment, a behavior that is not usually explicitly
performed in everyday life. In addition, metacomprehension judgments made after reading may
not rely on the same cues as judgments made during reading. Therefore, the explicit measures of
metacomprehension that are normally used after reading may not reflect the same
metacomprehension cues as online processes. With an implicit measure of metacomprehension,
studies can be created that measure and observe the online interaction between comprehension
and metacomprehension.
One potential implicit measure of metacomprehension is regressions made during
reading. Regressions are backward eye movements to previously read text. Regressions occur
when readers have difficulty comprehending text and are used to find information in the text to
try to resolve the difficulties (Frazier & Rayner, 1982; Rayner, 1998; Rayner, Chace, Slattery, &
Ashby, 2006). The execution of a regression suggests that metacognitive monitoring must have
occurred. Research has shown that regressions are controlled by the reader and are not due to
perceptual causes (Inhoff & Weger, 2005). If a regression was made, then it was a response to
monitoring of the object-level indicating that there were difficulties performing the current
comprehension processes. In other words, regressions are a result of the metalevel controlling
3

processes at the object-level. Therefore, regressions indicate an interaction between
comprehension and metacomprehension processes.
Specific Aims
This dissertation aims to examine the relationship between comprehension and
metacomprehension processes by using regressions as a measure of online monitoring. Chapter 2
reviews the prior literature on the role of monitoring in comprehension and metacomprehension
theories. Additionally, previous studies of online comprehension and metacomprehension are
reviewed. This background provides the reasoning for the empirical work in Chapters 3 and 4.
By observing the effects of comprehension processes on regressions and regressions on
metacomprehension judgments, the relationship between comprehension and
metacomprehension processes can be examined. The specific aims of the proposed research are
listed below.
Aim 1: Is There an Association Between Regressions and Judgments of Learning?
One type of metacomprehension judgment used in metacomprehension research is
judgments of learning (JOLs), which are predictions of future test performance. Research has
shown that readers can rely on many types of cues when making judgments of learning,
including cues created as a result of reading the text (Dunlosky & Rawson, 2005; Koriat, 1997).
If regressions are indicators of metacognitive monitoring, then a cue that could be used to make
JOLs is created or modified when a regression occurs. Therefore, if this cue is used to make
judgments, then there would be an association between regressions and JOLs.

4

Aim 2: Does Manipulating Attention to Comprehension Processes During Reading
Modulate the Relationship Between Regressions and JOLs?
If a relationship between regressions and judgments of learning exists, then it would
suggest that readers are aware of comprehension difficulties during reading because they are
using a cue related to regressions. As a result, manipulations of a reader’s attention to
comprehension processes should affect the relationship between regressions and JOLs.
Increasing a reader’s attention should make the reader more aware of cues related to regressions,
increasing the likelihood that the reader would use the cues when making JOLs. Conversely,
decreasing the attention to comprehension processes should decrease the likelihood that the
reader would use the cues.
Aim 3: Do Individual Differences in Working Memory Capacity and Attentional Control
Account for Variance in the Strength of the Relationship Between Regressions and JOLs?
Limitations in working memory capacity (WMC) and attentional control affect the
amount of attention a reader can give to comprehension processes. Readers with high WMC can
maintain more information in working memory than readers with low working memory and
readers with more attentional control can maintain more relevant information in working
memory than readers with less attentional control (Daneman & Merikle, 1996; McVay & Kane,
2012). These individual differences affect a reader’s ability to attend to and maintain information
about comprehension processes and cues related to regressions. Therefore, individual differences
in WMC and attentional control should affect a reader’s ability to use cues related to regressions
when making JOLs.

5

Aim 4: How Does the Relationship Between Regressions and JOLs Affect
Metacomprehension Accuracy?
Studies have shown that readers that base metacomprehension judgments on cues related
to the situation model are better able to predict future test performance than readers that do not
(Thiede, Griffin, Wiley, & Anderson, 2010). Because regressions are associated with
comprehension difficulties at the situation model level, cues related to regressions should allow
readers to make accurate judgments. Therefore, people with a stronger relationship between
regressions and JOLs should have greater metacomprehension accuracy than people with a
weaker relationship.
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CHAPTER II
OBSERVING THE RELATIONSHIP BETWEEN COMPREHENSION AND
METACOMPREHENSION
Nelson and Narens’s framework (1990) suggests that an interaction between
comprehension and metacomprehension processes occurs during reading, yet research tends to
study the two sets of processes separately. The current chapter will discuss the current literature
on how comprehension and metacomprehension processes interact. First, comprehension
theories pertaining to what processes occur at the object-level during reading will be presented,
along with how online monitoring processes are currently incorporated into the theories. Next,
metacomprehension theories explaining what metacomprehension cues are used by readers will
be discussed, as well as how these cues’ relationship to comprehension processes affects
judgments. Lastly, a proposed method for examining the interaction between online
comprehension and monitoring processes will be presented.
Comprehension Theories
Van Dijk and Kintsch (1983) proposed that a text is represented at three different levels.
The first level of representation is the surface level. This level consists of the physical properties
of the text such as size, font, and color. The second level is the textbase. When a text is read, the
information contained in the text is broken down into propositions. Propositions represent a state,
event, or action and are comprised of a predicate and arguments (Graessar, Millis, & Zwaan,
1997). The propositions are organized into a network that maintains the meaning of the text but
7

loses the surface structure. The textbase consists only of information contained in the text
making it useful for recalling information in the text (Kintsch, 1994). At the third level, the
situation model, prior knowledge of the reader is integrated with the textbase. Inferences are
generated at this level, resulting in a deeper understanding of the text (Kintsch, 1998). Whereas
the textbase is useful for recalling information from the text, the situation model is important for
comprehension (Kintsch, 1994). Therefore, the goal of a reader trying to understand a text should
be to create a well-developed situation model.
The Construction-Integration (CI) model divides the development of the situation model
into a construction phase that creates a network of loosely related information and an integration
phase that refines the network (Kintsch, 1988, 1998). The construction phase consists of four
steps. In the first step, the textbase is created as the text is broken down into its representative
propositions. In the second step, the concepts and propositions from the first step are used to
retrieve associated concepts and propositions, which create an initial set of inferences. In the
third step, additional inferences are made. In the last step of the construction phase, the strengths
of all the associations are determined.
The result of the construction phase is a network of concepts and propositions and all the
inferences between them. However, this representation contains information that is not relevant
to the text. Therefore, the goal of the integration phase is to refine the network. The network
created in the construction phase can be represented as a connectivity matrix with its values
being the associative strengths between propositions. The integration phase occurs over a series
of cycles. Each cycle starts by taking the current connectivity matrix and multiplying it by an
activation vector that contains the initial activation levels of all nodes. The result of the
multiplication is renormalized and then used in the next cycle. If the repeated cycle does not
8

result in a stable state, then the construction process is repeated with the addition of more
propositions to the representation and then the integration phase is repeated. When a stable state
is achieved, the result is an activation vector with high activation for some nodes and low or zero
activation for others. The nodes with high levels of activation comprise the current situation
model. Because the construction and integration phases are repeated as new information is read,
the situation model undergoes constant restructuring.
As a result, the final situation model is a network of related propositions that represent
information from the text and prior knowledge of the reader and the inferences between them. In
the network, nodes that are immediate associates or semantic neighbors are located closer to each
other and have stronger connectivity strengths. Despite the situation model being an
interconnected network, people cannot access all the information in the situation model at once.
When a node is activated in the situation model, activation is spread to its connecting nodes.
However, due to limitations in total activation levels, only a subset of the nodes in the situation
model can be activated. Therefore, the information that a person can use in the situation model is
dependent on what nodes are currently activated. Despite being a model of discourse
comprehension, the CI model has been mainly used to study learning from expository texts
(McNamara & Magliano, 2009). Other comprehension models have been created to explain
comprehension of other types of texts.
The Event-Indexing (EI) model focuses on the development of the situation model for
narrative texts. The EI model suggests that the situation model is constructed based on the events
and intentional actions of each character in a text (Zwaan & Radvansky, 1998). According to the
EI model, the situation model is based on five indexes: (a) temporality, when the event occurs;
(b) spatiality, where the event occurs; (c) protagonist, who the event involves; (d) causality, the
9

causal status based on previous events; and (e) intentionality, the protagonist’s goals. When the
reader reads a text, the current event is integrated with the existing situation model based on
these five indices. The ease with which this information is integrated depends on the number of
shared indices (Zwaan, Radvansky, Hilliard, & Curiel, 1998). When inconsistent information on
an index is encountered, the old index is deactivated and a new one is activated, or an old index
is reactivated (Zwaan, Langston, & Graessar, 1995). As a result, the more indices that an event
shares with the existing situation model, the easier it is to integrate because fewer indices have to
be updated. The final situation model is an organizational structure consisting of only the
entities, relations, and properties consistent on five indices that are necessary for a reader’s
understanding of a text.
During reading, both the CI model and EI model theorize that a mental representation of
the text is created and constantly modified during reading. Studies have shown that the ability to
construct a good situation model is important for test performance (McNamara, Kintsch, Songer,
& Kintsch, 1996; Radvansky & Copeland, 2001; Thevenot, Devidal, Barrouillet, & Fayol, 2007).
However, difficulties encountered while reading can result in poorly constructed situation
models (McNamara et al., 1996). Difficulties in constructing situation models can be due to text
characteristics, such as low coherence, or reader characteristics, such as low prior knowledge or
low WMC. These difficulties result in problems integrating new information or maintaining the
information in the situation model. When readers encounter comprehension difficulties in a text,
they tend to try to resolve these difficulties. This may involve rereading the text or pausing
reading to integrate new information (Rayner, 2009).

10

Comprehension Theories and Metacomprehension Processes
Though not explicitly stated, both the CI and EI theories of comprehension imply that
metacognitive monitoring occurs when new information is evaluated in relation to the existing
situation model. One possible point at which monitoring could occur in the CI model is when the
model determines whether the result of the integration phase is a coherent representation. In this
evaluation, the model must determine when the activation vector (situation model) has reached a
stable point. Therefore, there must be some process that determines whether the activation vector
is stable. This process would be a monitoring process because it evaluates the current
representation of the text. If the activation vector does not reach a stable point, then repetition of
the construction phase with additional representations is performed (Kintsch, 1988). Kintsch
(1988) mentions that after a failure in reaching a stable point, additional processes are required to
correct the representation, but does not discuss the details of the processes. The processes that
correct the representation would then be the result of the metalevel controlling the processes at
the object-level.
Unlike the CI model, the EI model claims that a reader’s situation model is maintained in
terms of the indices. As readers read a text, new information is checked for consistency with old
information based on the five indices and then the appropriate action is determined. The process
that determines whether new information is consistent with old information would fit Nelson and
Narens’ (1990) description of a monitoring process. When inconsistent information is
encountered, readers must resolve the differences to create a coherent representation (Zwaan et
al., 1998). Once the new information has been deemed consistent or inconsistent, control
processes are performed that activate or deactivate information in the situation model.
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Though not explicitly stated, the theories of comprehension imply that metacognitive
monitoring occurs when new information is evaluated in relation to the existing mental
representation. Validation processes are used when determining whether new information is
consistent with the situation model and must be performed in order for updating to occur
(Ferretti, Singer, & Patterson, 2008) These processes are theorized to be automatic, a result of
performing comprehension processes (Singer, 2013). However, studies have shown that
monitoring processes can be controlled by readers and are not only used when evaluating
integration processes (Thiede et al., 2009). Depending on the outcome of the monitoring
processes, control processes are then performed. However, neither the CI nor EI models explain
what monitoring processes are performed. For comprehension theories, it is important to
understand what monitoring processes are performed because of the influence these processes
have on determining the subsequent comprehension processes that will be performed.
Comprehension theories have focused on the processes by which a situation model is
constructed during the reading of a text. These models mainly address the processes that occur at
the object-level. Both the CI and EI model imply that monitoring does occur through automatic
processes that enable a reader to detect difficulties in processing text. However, they fail to
explain the role of the metalevel and its controlling of subsequent comprehension processes.
Research in the domain of metacomprehension has aimed to understand how the performance of
comprehension processes influences the metalevel.
Metacomprehension Theories
Metacomprehension theories originally started out as an application of theories from the
domain of metamemory, one’s awareness of their own memory (Glenberg, Sanocki, Epstein, &
Morris, 1987; Maki et al., 2009; Maki, Shields, Wheeler, & Zacchilli, 2005). However, one
12

problem with applying metamemory theories to metacomprehension is that the processes for
learning texts differ greatly from learning the paired associates that are generally used in
metamemory studies (Thiede et al., 2009). Unlike paired associates, learning of texts requires
additional processes to construct a mental representation of the text (Thiede et al., 2009). Due to
the differences between texts and paired associates, metacomprehension theories have begun to
integrate comprehension theories in their explanations (Wiley, Griffin, & Thiede, 2005).
One metamemory theory that has been applied in the metacomprehension domain is the
cue-utilization approach. According to the cue-utilization approach, people can use three types of
cues that can be made before, during, or after reading a text in order to make judgments of
learning (Koriat, 1997). Intrinsic cues involve the characteristics of the study items, extrinsic
cues involve the learning conditions and the encoding operations used by the learner, and
mnemonic cues involve how well a study item has been learned and can be retrieved in the
future. People use these cues as a basis when making metacognitive judgments. As a result,
metacognitive accuracy depends on the types of cues that people use. If people use cues that are
predictive or appropriate, then their metacognitive accuracy will be good. If a person relies on
cues that are not predictive or inappropriate, then their metacognitive accuracy will be poor.
The situation model approach attempts to bridge the gap between comprehension and
metacomprehension domains by integrating Kintsch’s (1988) CI model with Koriat’s (1997) cueutilization approach. When making metacomprehension judgments, there are three possible
routes consisting of different cues that people can use as shown in Figure 1 (Griffin, Jee, &
Wiley, 2009). In the heuristic route, readers use information already available to the reader prior
to the reading of the text and unrelated to text comprehension, such as domain knowledge or test
expectancy. In the representation-based route, readers use cues that are a result of reading the
13

text, such as the coherence of the text representation. These cues may be created during or after
reading. Both the heuristic route and representation-based route can be used when readers make
predictions of future test performance. The postdiction route differs from the other two routes in
that it is used to make evaluations of performance, not predictions of performance. In this route,
readers use information about their test performance to make judgments.

Figure 1.
Possible routes for making metacomprehension judgments (Adapted from Griffin
et al., 2009).

The situation model approach focuses on the use of the representation route to make
metacomprehension judgments. The situation model approach assumes readers create a textbase
and situation model when reading a text, which is consistent with van Dijk and Kintsch’s (1983)
levels of representation. In addition, it is assumed that comprehension processing resources are
initially allocated to construction of the textbase and then to the situation model (Rawson,
Dunlosky, & Thiede, 2000). This assumption is based on the finding that during an initial
14

reading, readers spend more time constructing a textbase, but during rereading, more time is
spent on constructing a situation model (Millis, Simon, & tenBroek, 1998). Because the situation
model constructed during reading is representative of one’s comprehension, cues at the situation
model level are the most predictive of future performance on comprehension tests (Dunlosky &
Rawson, 2005). Therefore, the situation model approach aims to increase the usage of situation
model level cues to improve metacomprehension accuracy.
Thiede and colleagues (2010) found that relative metacomprehension accuracy was
highest when people used situation-model cues to make metacomprehension judgments. In the
experiment, participants in a no-summary condition read several texts and predicted their
performance on tests about the texts. Participants in an immediate summary condition wrote a
summary of the text after it was read. Participants in a delayed summary condition read all the
texts and then wrote a summary for each text in the order presented. The researchers also asked
participants two questions to determine the nature of the cues that were used when making
predictions of performance. Participants in all three conditions then made judgments of
comprehension and answered multiple-choice, inference questions. The researchers classified the
cues used to make metacomprehension judgments into four groups. Surface cues were cues
related to the qualities of the text itself. Comprehension cues were cues related to the reader’s
ability to understand or explain the text. Memory cues were cues related to the ability to recall
the text, but not comprehend the text. Reader cues were cues related to a reader’s own
knowledge about the topic and were not related to surface, comprehension, or memory cues. The
researchers found that though comprehension cues were the most predictive of performance on
comprehension tests, they were also the least used. Instead, participants relied mostly on surface
cues, which were the least predictive. The findings suggest that one possible reason for why
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metacomprehension accuracy has found to be poor is that people are using cues unrelated to
comprehension, even though the cues related to comprehension are available.
Rawson and colleagues (2000) demonstrated that one way to improve
metacomprehension accuracy is to reread a text. In the study, participants either read texts once
or reread the texts. After reading a text, participants made a prediction of performance. The
researchers found a rereading effect in which participants in the reread condition had higher
relative metacomprehension accuracy than the participants in the read once condition. The
researchers claimed that during rereading, participants had more resources to construct the
situation model. As such, any difficulties encountered during the construction of the situation
model provided a cue that one could use when making metacomprehension judgments. These
situation-model cues were more predictive of comprehension than the textbase cues made when
the text was initially read. As a result, basing metacomprehension judgments on situation-model
cues resulted in greater metacomprehension accuracy.
Other studies using the situation model approach have found that difficulties encountered
during reading can be used as a cue when making metacomprehension judgments (Dunlosky &
Rawson, 2005; Rawson and Dunlosky, 2002). Rawson and Dunlosky (2002) provided evidence
that the ease of processing of a text affected metacomprehension judgments. In the study,
participants read coherent or incoherent texts. After reading a text, participants made a judgment
of performance on a future test. After all texts had been read, participants then took a multiplechoice test about each text and made a confidence judgment for each question. The researchers
found that as text coherence or ease of processing increased, the magnitude of performance
predictions also increased. As a result, the researchers concluded that readers were using ease of
processing as a cue when making metacomprehension judgments.
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Consistent with the situation model approach, the level-of-disruption hypothesis claimed
that judgments based on disruptions during situation model processing are predictive of future
test performance and would result in improved metacomprehension accuracy (Dunlosky &
Rawson, 2005). To test this hypothesis, Dunlosky and Rawson (2005) had participants read texts
and take tests. Participants in the single-read condition read a text and made a prediction of test
performance for that text. Participants in the immediate reread condition read each text once and
then reread the texts in the same order, making predictions of test performance after each text.
Participants in the delayed reread condition read each text once and then after a one-week delay,
reread the texts in the same order making predictions of test performance after each text. After
all texts had been read, participants took a test containing inference and memory-based questions
and made a confidence judgment for each question. The researchers found that participants in the
immediate reread condition had greater metacomprehension accuracy than participants in the
single-read and delayed reread condition. In addition, participants in the immediate reread
condition had greater metacomprehension accuracy when basing test performance on only
inference questions than the other two conditions, but the groups did not differ in
metacomprehension accuracy when basing test performance on only memory-based questions.
The researchers claimed that during immediate rereading, processing at the situation model was
greater for the reread than the initial read. In addition, when participants reread the texts in the
delayed rereading condition, they were processing the text at the textbase level instead of the
situation model. Therefore, disruptions encountered in the immediate rereading were situation
model level cues and disruptions encountered in the delayed rereading and initial readings were
textbase level cues. As a result, participants in the immediate rereading condition had greater
metacomprehension accuracy than the single-read and delayed reread conditions.
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Griffin, Wiley, and Thiede (2008) presented a stricter version of the situation model
approach arguing that metacomprehension accuracy is dependent on attention to the metalevel
during reading. This metalevel approach is based on the assumption that monitoring processes
are separate and secondary to comprehension processes. In addition, there is a limited amount of
attentional resources that is distributed between the object-level and metalevel, with priority for
the object-level. This prioritization is because for monitoring to occur at the metalevel, processes
must first occur at the object-level. Therefore, the more attention that is given to comprehension
processes, the less attention that can be given to monitoring processes. If all of a reader’s
attention is used on performing comprehension processes, then no attention can be given to the
metalevel. Attending to the metalevel allows readers to encode comprehension cues created
during reading (Griffin et al., 2008). If a reader is unable to attend to the metalevel, then the
reader would be unaware of situation model level cues. Unlike the situation model level
approach that assumes the use of any situation model level cue is beneficial for
metacomprehension accuracy, the metalevel approach assumes that only situation model level
cues created during reading are useful. In addition, these cues must be representative of the entire
reading process. If readers do not attend to the metalevel throughout reading, then their
judgments will be based more on metalevel information from only the end of the text, which may
not be representative of comprehension of the whole text.
Griffin and colleagues (2008) looked at how rereading affected relative
metacomprehension accuracy for readers with different levels of reading ability. The researchers
aimed to show that the rereading effect observed by Rawson and colleagues (2000) could be
explained by the metalevel approach. In the study, low and high reading ability participants read
texts once or reread the texts. After reading a text, participants made a metacomprehension
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judgment about the text and then completed an inference verification test for the text. The
rereading effect observed by Rawson and colleagues (2000) was replicated with
metacomprehension accuracy being greater for participants in the reread condition than the read
once condition. Studies in the comprehension domain provide evidence for this shift in attention.
Millis and colleagues (1998) found that people spend resources on proposition assembly during
the initial reading and shift resources to text-level integration on a subsequent rereading.
Therefore, because less attention is being focused on text processing during rereading, more
attention can be placed on monitoring resulting in greater metacomprehension accuracy.
Metacomprehension Theories and Comprehension Processes
Both the situation model approach and metalevel approach argue that the ability to
monitor comprehension processes during reading affects a person’s metacomprehension cues and
metacomprehension accuracy. However, because studies using these approaches use judgments
made after reading, the studies are unable to determine whether the cues being used for
metacomprehension judgments are the ones created during reading or after reading. It is possible
that metacomprehension processes during reading are monitoring different information than
metacomprehension processes after reading. Readers may base their judgments on the final state
of the situation model rather than the intermediate states that are created during reading. Both the
CI and EI model of comprehension theorize that the structure of the situation model is constantly
updated as the text is read. As a result, the possible set of situation model level cues that a person
can use will vary depending on the reader’s progression in the reading process.
The metalevel approach also assumes that monitoring processes are independent but
secondary to comprehension processes. When reading, readers initially allocate most of their
attention to the construction of a situation model and some, if any, resources to the evaluation of
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the situation model. The metalevel approach does not specify when or why the transition of
attention from the object-level to the metalevel occurs. Nelson and Narens (1990) claimed that
the object-level and metalevel are constantly influencing one another. However, the metalevel
approach suggests that the object-level influences the metalevel and does not mention how the
metalevel affects the object-level.
Current theories of metacomprehension use aspects of comprehension theories in their
explanations (e.g., the situation model). However, a key aspect of Nelson and Narens’ (1990)
framework that is neglected by the metacomprehension theories is metacognitive control.
Though the situation model approach and the metalevel approach show that comprehension
processes can affect monitoring processes, both approaches do not explain how monitoring
processes exert control. One possible reason is that the situation model level approach and the
metalevel approach are theories focused on how explicit, offline metacomprehension judgments
are made. Therefore, metacomprehension theories need to account for how online monitoring
processes affect comprehension processes.
Theories of metacomprehension assert that monitoring of the object-level is important for
metacomprehension. However, these theories have been used to explain metacomprehension
judgments after reading and not the interaction between the object-level and metalevel during
reading. Because comprehension and metacomprehension theories tend to examine only one
direction of the interaction between object-level and metalevel, little is known about their online
interaction. In addition, further understanding of the relationship can be gained by examining
individual differences that affect both the object-level and metalevel.
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Working Memory Capacity, Comprehension, and Metacomprehension
An individual difference that has been shown to affect comprehension and
metacomprehension is working memory (Chiang, Therriault, & Franks, 2010; Daneman &
Merikle, 1996; Griffin et al., 2008). Unsworth (2016) theorized that memory is divided into two
parts: primary memory and secondary memory. The purpose of primary memory is to maintain
representations of information for online processing. In addition to item representations, primary
memory can maintain additional information, such as goal states and action plans. The
information contained in primary memory is affected by attentional control, the ability to select
and maintain information in the presence of distractions. Primary memory is limited in the
number of information units that can be actively attended to and maintained. If information
cannot be maintained in primary memory, then it must be retrieved from secondary memory
when needed. Secondary memory is where information not actively being processed is stored.
Unlike primary memory, secondary memory can hold information for long periods of time and is
not limited in the number of units of information that can be maintained. Unsworth (2016) argues
that there are three sources of individual differences in working memory. The first is differences
in primary memory capacity. The second is differences in attentional control processes that
maintain information in primary memory. The third is differences in control processes that
encode and retrieve information in secondary memory. Research has shown that individual
differences in working memory can be due to one or more of these sources (Unsworth, Fukuda,
Awh, & Vogel, 2014, Unsworth & Spillers, 2010).
Many studies have found that readers with higher comprehension ability tend to have
higher WMC than readers with lower comprehension ability (Carretti, Borella, Cornoldi, & De
Beni, 2009; Daneman & Merikle, 1996). One reason that WMC is important for reading
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comprehension is that it influences the ability to perform processes involved in comprehension,
such as updating processes and attentional control (McVay & Kane, 2012; Palladino, Cornoldi,
De Beni, & Pazzaglia, 2001). WMC also has an influence on the ability to perform
metacomprehension processes. Griffin and colleagues (2008) have shown that readers with high
WMC have higher metacomprehension accuracy than low-WMC readers after an initial reading.
After rereading, readers with low WMC were able to reach the same level of metacomprehension
accuracy as high-WMC readers. The researchers concluded that readers with high WMC had
more attentional resources that could be allocated to attending to the metalevel than readers with
low WMC during the initial reading. As a result, low-WMC readers had lower
metacomprehension accuracy than high-WMC readers. During rereading, low-WMC readers did
not have to allocate as many resources to the object-level and therefore could allocate the
resources to the metalevel. This reallocation resulted in low-WMC readers reaching the same
level of metacomprehension accuracy as high-WMC readers.
A person’s WMC is a limiting factor in how much attention can be given to
comprehension and metacomprehension processes. During reading, the situation model and
information about comprehension processes are maintained in primary memory. However, due to
primary memory constraints and allocation of attention, information in primary memory, such as
the situation model and metacomprehension cues, may be lost. In addition, control of attention is
important to maintain the goal-relevant information in primary memory without replacing it with
other goal-irrelevant information. Carretti and colleagues (2009) found that working memory
tasks that involved an assessment of attentional control were better predictors of comprehension
ability than tasks that did not. As a result, limitations in any of the components of working
memory could affect the availability of cues used to make metacomprehension judgments.
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One aspect of working memory that has not been examined is its effect on the
relationship between comprehension and metacomprehension processes. A few studies have
examined the role of working memory on either comprehension or metacomprehension
processes, but have not examined the role of working memory on the interaction between the two
types of processes. In addition, what aspect of working memory is responsible for the effects
needs to be examined. According to Griffin and colleagues (2008), attention is divided between
the object-level and metalevel. The researchers found that working memory influences
metacomprehension. However, the measure used was WMC and not attentional control. If a
reader has high WMC, but low attentional control, then the reader would have difficulty
allocating attention to the object-level or the metalevel despite having the ability. Research needs
to be conducted to observe how the allocation of attention between the two levels affects
comprehension and metacomprehension.
Observing the Interaction Between Comprehension and Metacomprehension
Current theories of comprehension and metacomprehension fail to integrate processes
from the other domain, though the existence of the processes is accepted. Comprehension
theories suggest that monitoring does occur, but they fail to describe the monitoring processes.
Metacomprehension theories argue that comprehension processes are important in creating cues
appropriate for metacomprehension accuracy, but they fail to determine when the cues are
created during comprehension processes and which ones are used. Therefore, research is needed
to examine how online comprehension and monitoring processes interact.
One attempt to examine the interaction of the processes at the object-level and metalevel
was done by Yang (2006). In the study, participants read an article and performed a think-aloud
task in which they verbally reported their comprehension processes. Afterward, a tape of the
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think-aloud task was replayed and participants had to explain how they comprehended the story
and what strategies were used when they faced comprehension difficulties. The researcher
claimed that reading strategies (processes at the object-level) were used to gain an understanding
of the text and comprehension monitoring strategies (processes at the metalevel) were used to
evaluate reading strategies. Therefore, though both comprehension and monitoring processes aid
in reading comprehension and may be performed simultaneously, the two processes perform
different purposes.
One limitation of the study is that comprehension processes and monitoring processes
were addressed separately. The interaction between the processes had to be addressed
obtrusively, and the participant had to recall post-reading what processes were being performed.
Studies have found that people have difficulty in determining what processes they engage in and
what strategies are used during reading (McNamara, 2011). There is also no evidence that
participants were performing the processes that were reported, especially during the second
phase of the study. During the retrospective evaluation, the experimenter played an active role by
asking questions to participants so that they could elaborate on their reading processes. In
addition, some of the elaboration questions helped guide participants to conclusions about their
own reasoning. Therefore, the data acquired using the retrospective evaluation may not be
representative of online comprehension or monitoring processes.
Ozuru and colleagues (2012) used a paradigm involving verbal protocol to assess
moment-by-moment monitoring. In the experiment, participants read a text one sentence at a
time. After each sentence, participants in the prediction of performance group were asked to
make a prediction of how likely they would be able to answer a question about the sentence they
had just read. Participants in the judgment of sentence difficulty group were asked to rate the
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difficulty of the sentence. Participants in the read-only condition did not make any judgments.
The researchers found that participants in the two verbal protocol groups differed in the cues
used to make the judgments. Though the study was able to observe how moment-by-moment
monitoring processes affected metacomprehension, the paradigm introduced an atypical reading
behavior. When reading, it is uncommon for readers to stop at every sentence and make an
explicit judgment of comprehension (Ozuru et al., 2012). Though the researchers were able to
observe monitoring processes, they did so by interfering with comprehension processes.
One method that could be used to analyze the interaction between comprehension and
metacomprehension processes without interfering with reading behavior is by tracking eye
movements. Eye tracking has been used in several domains and has been used to infer momentby-moment cognitive processes in reading (e.g., Just & Carpenter, 1980; Spivey, Richardson, &
Dale, 2009). Eye movements can be broken down into saccades (periods of movement) and
fixations (periods of no movement). Regressions are a special type of saccade characterized by
backward eye movements and are believed to occur due to difficulties in integrating new
information with the existing situation model (Frazier & Rayner, 1982; Rayner, 1998). Studies
have used regressions as an indicator that readers are having difficulty comprehending text and
are trying to resolve the difficulties (Rayner, 1998; Rayner et al., 2006). Regressions also play an
important role in comprehension as an inability to make regressions negatively affects a person’s
comprehension (Schotter, Tran, & Rayner, 2014). Without the ability to look at previous text,
readers are unable to find information that could be used to resolve difficulties in understanding.
Rayner and colleagues (2006) provided evidence that metacognitive monitoring is needed
for regressions to occur. The researchers presented participants with texts that either had
inconsistencies or did not. While participants were reading texts, the researchers measured eye
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movements to determine how the characteristics of the text affected eye movements. The
researchers found that texts that were rated more difficult by participants had a greater number of
fixations and longer fixation durations. Participants also fixated longer on inconsistencies
encountered in the text. These findings are consistent with comprehension theories as
inconsistent information results in difficulties in integrating the information with the existing
situation model (Gernsbacher, 1991; Zwaan & Radvansky, 1998). In addition, participants were
more likely to make a regression when an inconsistency in the text was noticed than when there
was none. However, if participants did not notice an inconsistency, then the likelihood of a
regression did not differ. Therefore, regressions were being made due to awareness of an
inconsistency suggesting that metacognitive monitoring occurred.
Recently, metacognitive studies have begun using eye tracking to measure online
monitoring processes. Roderer and Roebers (2010) taught children Japanese Kanji symbols and
their meaning, and then they measured eye movements as the children performed a recognition
test and gave confidence judgments. When making confidence judgments, children used a
happy-face scale consisting of five faces with varying degrees of smiles. The researchers found
that during the recognition test and confidence judgments, longer fixation durations were
associated with more difficult words. Research using texts has also shown that even though good
and bad readers display the same monitoring actions, such as slowing down reading or
regressing, the pattern of actions differs (Kinnunen & Vaurus, 2009). Good readers have shorter
gaze durations and make more regressions than bad readers suggesting more monitoring is
occurring. However, these studies did not look at how eye movements relate to
metacomprehension accuracy or judgment magnitude. These studies suggest that eye tracking is
a potential measure that can be used to observe online comprehension and monitoring processes.
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The present research aims to examine the relationship between online comprehension and
metacomprehension processes using eye tracking. Regressions are indicators that the reader had
difficulties in updating the situation model and these difficulties were monitored. According to
the situation model approach of metacomprehension, difficulties encountered during reading are
situation-model-level cues that can be used to make accurate metacomprehension judgments.
However, cues related to regressions are not the only cues available to the reader. The cue
utilization approach suggests that readers can rely on different types of cues when making
metacomprehension judgments. Cues related to regressions are only a subset of the possible cues
that can be used in the representation route. In addition, readers can use cues unrelated to
comprehension processes, e.g., cues in the heuristic route. Therefore, if readers are basing
judgments on cues related to regressions, then a relationship between regressions and
metacomprehension judgments should exist. In addition, this relationship should be affected by
manipulations of attention to the metacomprehension cue related to regressions. By influencing
the amount of attention to the cue, the likelihood that the cue is used when making
metacomprehension judgments should be affected.
Two experiments are outlined in this dissertation. The experiments were designed to
assess whether the effect of attention to comprehension processes involving regressions would
affect JOLs (See Figure 2). The first experiment examined the effect of increasing awareness of
regressions on metacomprehension judgments. Readers can rely on different types of cues when
making JOLs, some unrelated to regressions. If readers are made more aware that regressions
have been performed, then it was expected that the relationship between regressions and JOLs
would increase. Because readers would be more aware of cues related to regressions, they would
be more likely to use those cues when making judgments.
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The second experiment was designed to examine the effect of attention to comprehension
processes on the relationship between regressions and JOLs. If readers’ ability to attend to
comprehension processes is affected, then the awareness of situation-model-level cues should be
affected similarly. The experiment also examined the effects of working memory on the
relationship between regressions and JOLs. The greater the working memory, the more
attentional resources that can be allocated to maintaining the situation model in memory and
monitoring comprehension processes. Therefore, greater working memory should allow for more
situation-model-level cues to be used when making JOLs.

Figure 2.
processes.

Visual representation of the effect of increasing attention to comprehension

Note. The top part shows the possible routes and cues that could be used to make judgments of
learning. The bottom part shows how increased attention to cues related to regressions would
increase the usage of these cues when making metacomprehension judgments.
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CHAPTER III
EXPERIMENT 1: THE EFFECTS OF ATTENTION TO END-OF-SENTENCE
REGRESSIONS ON METACOMPREHENSION JUDGMENTS
Two pilot studies were performed to explore the relationship between online
comprehension processes and metacomprehension as an initial step for addressing the
relationship between regressions and JOLs. The results will only be briefly discussed here as the
methodology for Experiment 1 is similar and they are mentioned only to indicate the reliability
of the effect being examined.
The goal of the first pilot study was to examine what eye movements were related to
metacomprehension judgments. Participants either read expository texts once or reread the texts
while their eye movements were recorded. Despite not observing an effect of rereading
condition, number of regressions was positively correlated with question-level judgment of
learning magnitude, but not text-level judgment of learning (TJOL) magnitude. One of the major
limitations of the study was that participants lacked prior knowledge about the text topics
resulting in test performance near floor. As a result, participants may have had difficulty
constructing inferences and processing the texts at the situation model level. If the interaction
between comprehension and metacomprehension processes is to be examined, then readers need
to be able to process information at the situation model level to create situation-model-level cues.
To account for the lack of prior knowledge, a second pilot study was performed using
narrative texts. One of the advantages of using narrative texts is that the text can be constructed
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so that no domain-specific prior knowledge is needed to comprehend the text. The study also
used a consistency manipulation. The aim of the consistency manipulation was to induce
regressions by presenting text inconsistencies and observe the effect on metacomprehension
judgments and accuracy. Participants in the consistent condition read texts with no
inconsistencies and participants in the inconsistent condition read texts with several
inconsistencies. No effect of consistency condition on metacomprehension judgments or
accuracy was observed. However, number of regressions was a significant predictor of TJOL
magnitude. In addition, TJOL magnitude and number of regressions were independent,
significant predictors of test performance. The findings suggested that there was a reliable
relationship between regressions made while reading and metacomprehension judgments. In
addition, there was some aspect of regressions that was not accounted for by the TJOLs, which
could be used to improve metacomprehension accuracy.
Subsequent analyses of the data suggested that regressions originating at the end of
sentences could be the aspect of regressions that was not accounted for by the TJOLs. End-ofsentence regressions were found to be predictive of test performance, but not TJOL magnitude.
In other words, participants were not using cues related to end-of-sentence regressions when
making metacomprehension judgments, possibly due to a lack of awareness. End-of-sentence
regressions are theorized to occur because of comprehension difficulties in integrating
information in the current sentence with the existing situation model (Frazier & Rayner, 1982).
Therefore, end-of-sentence regressions are made for the same reason as other regressions but are
done at a specific location in the text. When monitoring comprehension, readers realize there are
difficulties processing information in a sentence, but may be unaware of the current location in
the sentence during this realization.
30

Experiment 1 was designed to examine the relationship between regressions and JOLs
(Aim 1), how attention to comprehension processes during reading modulates the relationship
(Aim 2), and how the relationship affects metacomprehension accuracy (Aim 4) by examining
whether bringing attention to end-of-sentence regressions would affect the use of cues related to
regressions when making metacomprehension judgments. In the experiment, participants read
texts and made metacomprehension judgments while eye movements were recorded. During
reading, participants in the end-of-sentence-tones condition heard tones whenever they made an
end-of-sentence regression. Participants in the random-tones condition heard tones whenever
they reached randomly determined locations in the text. Participants in the control condition did
not hear any tones. The end-of-sentence tone and random tone manipulations were used to affect
attention to comprehension processes to address Aim 2. The control condition allowed for a test
of replication of the findings of Experiment 1 in order to address Aim 1.
There were three main questions of interest in Experiment 1. The first two questions
addressed Aim 2. The first question of interest was whether increasing attention to end-ofsentence regressions would increase the usage of metacomprehension cues related to regressions
when making JOLs. The findings of the pilot studies suggested that participants were using a cue
related to regressions when making metacomprehension judgments. However, there were
additional cues related to regressions that were not taken into account when metacomprehension
judgments were made and these cues were predictive of future test performance. Therefore, if
end-of-sentence regressions are the aspect that JOLs are not taking into account, then increasing
attention to these regressions should increase the use of the cues related to regressions. Tones
due to end-of-sentence regressions would provide a cue that indicates the reader performed an
action related to future test performance. These additional cues can be used in conjunction with
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currently used cues related to regressions. As a result, the correlation between regressions and
TJOLs should be stronger for the end-of-sentence tone condition than the control condition.
The second question of interest was whether decreasing attention to end-of-sentence
regressions would decrease the usage of metacomprehension cues related to regressions when
making JOLs. People may rely on the tones as a metacomprehension cue simply because they
attended to them. In other words, the tones may provide a cue for judgments unrelated to
comprehension processes, which occurs in the random-tones condition. Therefore, decreases in
attention to end-of-sentence regressions should decrease the use of the cues related to
regressions. As a result, the correlation between regressions and TJOLs should be stronger for
the control condition than the random tone condition because the random tone condition would
be relying on a cue unrelated to regressions.
The third question of interest addressed Aim 4 and asked whether differences in attention
to end-of-sentence regressions would affect metacomprehension accuracy. The results of pilot
study 2 suggest that there is some aspect of regressions that is currently not being accounted for
in TJOLs and it is predictive of test performance. By increasing attention to the end-of-sentence
regressions, participants may be more able to use the unaccounted aspect of regressions when
making metacomprehension judgments. As a result, it was hypothesized that participants in the
end-of-sentence tone condition would have greater metacomprehension accuracy than the control
condition. In addition, if participants relied on cues related to tones when making
metacomprehension judgments, then the control condition would have greater
metacomprehension accuracy than the random tone condition.
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Method
Participants
One hundred sixty-five Mississippi State undergraduate students participated in the
experiment and received class credit for participation. Before data were analyzed, videos of each
participant’s eye movements were created using fixation positions collected during each session.
This method allowed for recreation of what the participant was looking at during the session. An
experimenter then watched the videos to check whether the eyes were properly tracked
throughout reading and whether the eye movements exhibited normal reading behavior. Normal
reading behavior was characterized as linear reading from left to right and top to bottom (Rayner,
1998). In addition, the experimenter checked for periods of erratic eye movements and/or no
movement, which would indicate difficulty in tracking the participant’s eyes. Participants were
excluded for poor eye-tracking data and not reading the texts properly (n = 37). In order to be
included in analyses, participants were required to have at least 6 texts without eye-tracking
problems. If a participant had eye-tracking problems for one or two texts, then those texts were
not included in analyses. Participants that correctly answered less than 5 questions across all tests
were also excluded (n = 3). As a result, analyses were performed on 125 participants: 38 in the
end-of-sentence tone condition, 47 in the random tone condition, and 40 in the control condition.
Design
The study used a three-way factorial design with tone manipulated between subjects
(Tone: end-of-sentence, random, control).
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Materials and Equipment
Reading materials for the experiment consisted of eight narrative texts adapted from
Warren, McConnell, and Rayner (2008) and van den Broek, Tzeng, Risden, Trabasso, and
Basche (2001) (see Appendix A for texts). The texts had an average Flesch reading ease of 78.63
and an average Flesch Kincaid grade level of 5.81. Each text was 220-250 words long consisting
of three paragraphs.
Text comprehension questions consisted of 8 free-response questions for each text: four
text-based and four inference questions (McNamara et al., 1996). Text-based questions were
questions that could be correctly answered using information contained in one sentence.
Inference questions required the reader to make inferences between sentences to correctly answer
the question.
Eye measurements were collected using a Tobii T60 eye tracker. It is integrated into a 17inch TFT monitor with a display resolution of 1280 x 1024. The eye-tracker sampled eye
movements using binocular tracking at a rate of 60 Hz with an accuracy of 0.5 degrees. The
Tobii T60 does not require head stabilization and allows for freedom of head-movement (44 x 22
cm at 70 cm from tracker). However, both a chin rest and forehead rest were used to keep
participants’ heads in place. Data collection was performed in a room with indoor lighting.
Tobii’s calibration routine with nine calibration locations was used.
Procedure
Participants were first seated in front of the eye tracker. Participants then completed a
calibration task that consisted of following a dot as it moved to nine different spots on the screen.
The participants then completed another calibration task, in which they would move their eyes
across a series of blocks at the top and bottom of the screen. This task was done to check whether
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the eye tracker was correctly locating the eyes as they moved across the screen. If there were
problems with tracking the eyes, then the nine-dot calibration task was performed again.
After calibration, participants read each text once with reading being self-paced. Before
reading, participants were notified that during reading, they may hear a tone that indicates that an
action beneficial for comprehension was performed. During reading, participants in the end-ofsentence-tones condition heard a tone whenever they made a regression originating from the last
25% of a sentence. Participants in the random-tones condition heard a tone whenever a randomly
determined point in the text was reached. The number of random tones for each text varied and
was determined by taking the average number of regressions made in the second pilot study for
each text. The number of tones ranged from 9 to 13 tones. Participants in the control condition
did not hear any tones during reading. The full text was displayed on the screen while
participants were reading. The order of the texts was randomized across participants. In between
texts, participants completed a calibration check that consisted of fixating on a square in two
different locations on the screen. If recalibration was necessary, then the nine-dot calibration task
was used.
After all texts were read, participants were asked to give a TJOL. For the TJOLs,
participants were asked to predict their performance on a test for each text they had read on a
scale of 0-100 with higher scores being representative of a higher percent correct. The topic of
the TJOLs was in the same order as the texts read.
After all TJOLs were given, participants were then asked to give question-level
judgments of learning (QJOLs) for each text. Participants were asked how likely they would be
able to answer a given question on a scale from 0 to 100 with higher scores representing higher
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likelihood. The topic of the questions was in the same order as the texts read, but the order of the
questions was randomized within the topic.
After all QJOLs were given, participants then completed the comprehension test for each
text. The order of tests was in the same order as the texts read, but the order of the questions was
randomized within the test. The experiment lasted 1 hour.
Data Processing
Raw eye-tracking data consisted of gaze locations for each eye collected at 60 Hz. To
determine when regressions were made, a fixation segmentation algorithm was first used to
determine when fixations occurred. This algorithm was based on processing in Tobii’s I-VT
fixation detection algorithm (Olsen, 2012) with some modifications to make it work in real-time.
Gaze position was first determined by averaging the values of the left and right eye for each
dimension. A moving window of 100ms (3 measurements at 60Hz) was used when determining
when saccades were made. For each period, the median of the gaze positions on each dimension
was used as the current location. Change in visual angle and angular velocity were then
calculated using the current location and previous location. If the angular velocity was 30
degrees/second or greater, then the algorithm determined that the current eye movement was a
saccade. Otherwise, the current eye movement was marked as a fixation. Because fixations do
not always align with lines of text, the fix_align.R algorithm was used to adjust the y-coordinates
to align fixations to an individual line of text (Cohen, 2012). Once all saccades and fixations had
been determined, regressions were then calculated. A regression was calculated as any backward
movement greater than 14 pixels to the left or to a previous line. Backward movements during
the transition to a new line were not counted as regressions.
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Comprehension tests were scored by two raters with an inter-rater reliability of .94.
Disagreements were resolved by a third rater.
Results
All analyses used linear mixed-effects (LME) models to account for the random effects
of participants and text simultaneously. Each analysis started with the maximum random effects
structure and then was reduced following the guidelines of Bates, Kliegl, Vasishth, and Baayen
(2015). Backward elimination of nonsignificant variance components was done starting with the
random effects and then the fixed effects. Higher-order interactions were tested before lowerorder interactions. All continuous predictors were mean centered for analyses. Therefore, the
regression coefficient for a factor can be interpreted as the deviation from the grand mean. All
LME analyses were run using lme4 (v1.1-12) statistics package for R (Bates, Maechler, Bolker,
& Walker, 2015). For fixed effects, all p-values were estimated using the lmerTest (v2.0-33)
statistics package for R (Kuznetsova, Brockhoff, & Christensen, 2016)
Relationship Between TJOL Magnitude and Regressions
Linear mixed-effects models were used to assess the effect of regressions on TJOL
magnitude. The dependent measure for these analyses was TJOL magnitude. The model used
number of regressions as a continuous fixed effect variable and tone condition as a discrete fixed
effect variable. The model also included random intercepts for text and subject. Random slopes
for regressions were initially included in the model for subject and text. The random slopes were
excluded in the final model when the estimated variance of the random slope was at or near zero.
The first question addressed was whether end-of-sentence tones increased the relationship
between regressions and TJOLs. The second question addressed was whether random tones
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decreased the relationship between regressions and TJOLs. Table 1 shows the results of the LME
analyses for the effect of tone condition and regression on TJOL magnitude. The relationship
between regressions and TJOLs found in the pilot studies was replicated because more
regressions was related to higher TJOL magnitude. Figure 3 shows the effect of tone condition
on the relationship between regressions and TJOL magnitude. End-of-sentence tones did not
increase this relationship over that in the control condition as there was no effect of tone
condition in this analysis. The random tones decreased the relationship between regressions and
TJOLs as compared to the control condition as there was a significant interaction between tone
condition and regressions.
Table 1
LME Fixed Effects Results of Tone Condition and Number of Regressions on TJOL Magnitude
Estimate

SE

df

t

p

Intercept

0.08

0.15

24.23

0.53

.601

End-of-Sentence-Control

-0.09

0.16

122.06

-0.60

.548

Random-None

0.02

0.15

121.20

0.15

.878

Regressions

0.15

0.06

904.78

2.40

.017

End-of-Sentence-Control x Regressions

-0.10

0.09

936.22

-1.16

.246

Random-Control x Regressions

-0.17

0.09

836.61

-1.98

.048

Note: In the end-of-sentence-control contrast, end-of-sentence was coded as 1 and control was
coded as 0. In the random-control contrast, random was coded as 1 and control was coded as 0.
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Figure 3.
magnitude.

Effect of tone condition on the relationship between regressions and TJOL

Metacomprehension Accuracy: Relationship Between Test Performance and TJOL
Magnitude and Regressions
Linear mixed-effects models were used to assess the effect of tone condition, TJOL
magnitude, and regressions on test performance. The dependent measure for these analyses was
test performance. The model used number of regressions and TJOL magnitude as continuous
fixed effect variables and tone condition as a discrete fixed effect variable. The model also
included random intercepts for subject and text. Random slopes for regressions were initially
included in the model for subject and text. The random slopes were excluded in the final model
when the estimated variance of the random slope was at or near zero. For the analyses, number
of regressions was standardized across subjects (z-score) and TJOL magnitude was standardized
within subjects (within-subject z-score).
The third question addressed was whether differences in attention to end-of-sentence
regressions affected metacomprehension accuracy. The measure of metacomprehension
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monitoring used was relative accuracy, the ability to predict performance on one text relative to
another. Relative metacomprehension accuracy was computed as the relationship between TJOL
magnitude and test performance. Table 2 shows the results of the LME analyses for the effect of
tone condition, number of regressions, and TJOL magnitude on test performance. The
relationships observed in the pilot studies between TJOLs and test performance and between
regressions and test performance were replicated. Number of regressions and TJOL magnitude
were significant and independent predictors of test performance. More regressions and higher
TJOL magnitude were related to higher test performance. Differences in attention to end-ofsentence regressions did not affect metacomprehension accuracy as there was no significant
difference between conditions in the relationship between TJOLs and test performance.
Table 2
LME Fixed Effects Results of Tone Condition, Number of Regressions, and TJOL Magnitude on
Test Performance
Estimate

SE

df

t

p

Intercept

4.05e-1

4.34e-2

1.56e1

9.33

<.001

End-of-Sentence-Control

-3.18e-2

3.68e-2

1.20e2

-0.86

.390

Random-Control

-2.70e-2

3.50e-2

1.20e2

-0.77

.441

Regressions

4.86e-2

9.17e-3

8.19e2

5.30

<.001

TJOL

1.20e-3

3.19e-4

8.53e2

3.77

<.001

Note: In the end-of-sentence-control contrast, end-of-sentence was coded as 1 and control was
coded as 0. In the random-control contrast, random was coded as 1 and control was coded as 0.
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Discussion
Experiment 1 was designed to answer three questions. The first question was whether
increasing attention to end-of-sentence regressions would increase the use of the
metacomprehension cue related to regressions. No interaction was observed between tone
condition and number of regressions when predicting TJOL magnitude for the comparison
between the end-of-sentence-tones condition and the control condition. The findings suggest that
the participants in the end-of-sentence-tones condition based their TJOLs on the cue related to
regressions at a similar level as the control condition.
The second question was whether decreasing attention to end-of-sentence regressions
would decrease the use of the metacomprehension cues related to regressions. An interaction was
observed when comparing the random tones and the control condition. Participants in the control
condition had a stronger relationship than the random-tones condition. This finding suggests that
participants in the control condition were more likely to base their judgments on cues related to
regressions than the random-tones condition.
One possible explanation for the findings is that hearing the tones drew attention away
from comprehension processes. With less attention to comprehension processes, participants in
the random-tones condition would have fewer situation-model-level cues. As a result,
metacomprehension judgments would be less likely to be based on cues related to regressions.
This explanation could also be the reason why there was no difference between the end-ofsentence condition and the control condition. Though the tones were intended to bring attention
to normally unattended comprehension processes, the tones may have been a distraction. As a
result, participants would not attend to comprehension processes at the end of sentences.
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Therefore, participants would rely on the same cues that they normally use when making
metacomprehension judgments.
The third question of interest was whether differences in attention to end-of-sentence
regressions would affect metacomprehension accuracy. No significant interactions between
TJOL magnitude and tone condition were observed when predicting test performance when
comparing the control condition to the end-of-sentence-tones condition and the random
condition. The findings suggest that there was no difference in metacomprehension accuracy
between the conditions. Therefore, increased attention to end-of-sentence regressions did not
improve metacomprehension accuracy. The lack of a difference is consistent with the finding
that the end-of-sentence-tones condition did not differ in the usage of the cue related to
regressions when compared to the other two conditions. Because there was no change in the
usage of the cue, there were no changes in metacomprehension accuracy. Despite the difference
in usage of the cues related to regressions, the random tone condition and the control condition
had similar metacomprehension accuracy. Therefore, the cues used by participants in the random
tone condition were just as predictive of test performance as the cues used by the control
condition. Consistent with both earlier pilot studies, JOL magnitude and number of regressions
were significant and independent predictors of test performance suggesting that there is still
some aspect of regressions that is predictive of test performance and unaccounted for in JOLs.
One limitation of the study is that participants in the random-tones condition were told
that they may hear a tone that would indicate an action beneficial for comprehension was
performed. Therefore, the decrease in the usage of cues related to regressions could be due to a
focus on cues related to tones, which were unrelated to regressions. To determine the cause of
the decrease in the usage of cues related to regressions when making JOLs, attention to
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comprehension processes needs to be hindered without the disruption being linked to
comprehension processes.
When addressing the relationship between regressions and JOLs, Experiment 1 provided
further evidence that readers can use cues related to regressions when making JOLs. Number of
regressions was found to be related to TJOL magnitude. When addressing how attention to
comprehension processes during reading modulates the relationship between regressions and
JOLs, Experiment 1 showed that influences in attention to comprehension processes do affect the
relationship between regressions and TJOLs. Though increasing attention did not strengthen the
relationship, decreasing attention weakened the relationship. When addressing how the
relationship between regressions and JOLs affects metacomprehension accuracy, there was no
interaction between regressions and metacomprehension accuracy. However, both regressions
and TJOL independently predicted test performance suggesting regressions could be an implicit
measure of metacomprehension.
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CHAPTER IV
EXPERIMENT 2: THE EFFECTS OF ATTENTION AND WORKING MEMORY ON
METACOMPREHENSION JUDGMENTS
The results of Experiment 1 suggest that playing tones could have affected the use of
cues related to regressions when making metacomprehension judgments. One explanation is that
the tones were a distraction and took away attention from comprehension processes. According
to the situation model approach, metacomprehension accuracy is dependent on a reader’s ability
to use situation-model-level cues. If readers are unable to attend to comprehension processes,
then awareness of situation-model-level cues will be diminished. According to the metalevel
approach, readers have a limited amount of attentional resources that can be allocated first to the
object level and then the metalevel. The tones reduced the amount of attentional resources that
could be allocated to the object level and consequently, the metalevel. Both approaches would
agree that reduced attention to comprehension processes lowers the availability of cues that
readers can use when making metacomprehension judgments. Therefore, increasing attention to
comprehension processes should increase the use of the cue related to regressions when making
metacomprehension judgments.
However, this interpretation relies on the explanation of the random-tones condition as a
distraction. Another possibility is that readers were misled into relying on an incorrect cue. In the
random-tones condition, participants were told that they may hear a tone that would indicate an
action beneficial for comprehension was performed. However, participants did not know that
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these tones were randomly played and unrelated to comprehension processes. Therefore,
participants in the random-tones condition could have used cues related to the tones, which were
unrelated to regressions. To determine which explanation is correct, a subset of participants
completed a distracting, secondary task in Experiment 2. The results of this condition are
expected to replicate the findings of Experiment 1 assuming that the results were due to a
decrease in attention to comprehension processes and not due to misleading information.
Another factor that might affect the ability to attend to comprehension processes is
working memory. Research suggests that readers with higher WMC would be able to maintain
more information about the situation model and situation-model-level cues than readers with
lower WMC (McVay & Kane, 2012; Palladino et al., 2001). As a result, readers with greater
WMC are more able to use situation-model-level cues, such as cues related to regressions, when
making metacomprehension judgments. In addition, attentional control could influence what
information is maintained in WMC. Readers with greater attentional control are more likely to
maintain information relevant to the task than readers with lower attentional control. Therefore, a
reader’s WMC and ability to attend to comprehension processes should affect the usage of cues
related to regressions when making metacomprehension judgments.
Experiment 2 is designed to address how attention to comprehension processes during
reading modulates the relationship between regressions and JOLs (Aim 2), how working
memory affects the relationship (Aim 3), and how the relationship affects metacomprehension
accuracy (Aim 4) by examining the influence of attention to comprehension processes during
reading on making metacomprehension judgments. In the experiment, readers read texts and
performed a secondary task that influences the ability to attend to comprehension processes. In
the focused condition, participants made a response whenever they encountered difficulty while
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reading a text. The aim of this task was for participants to attend to comprehension processes
while reading. In the distracted condition, participants made a response whenever they heard a
tone. The tone was played randomly, and the task drew attention away from comprehension
processes. Unlike the random tone condition in Experiment 1, participants were not informed
that these tones were related to reading processes. In the control condition, participants did not
have to perform a secondary task. Participants also completed tasks measuring working memory
capacity and attentional control.
There were four questions of interest in Experiment 2. The first question of interest was
whether reducing attention to comprehension processes would reduce the usage of the cue
related to regressions during metacomprehension judgments. If the results of Experiment 1 are
replicated, then it can be concluded that attention to comprehension processes is important in the
ability to use the cues related to regressions.
The second question of interest was whether increasing attention to comprehension
processes would increase the usage of the cues related to regressions during metacomprehension
judgments. By having readers in the focused condition make evaluations about their
comprehension during reading, they should be more aware of situation-model-level cues which
would affect their awareness of cues related to regressions.
The third question of interest was how do WMC and attentional control affect the usage
of cues related to regressions when making metacomprehension judgments. Readers with greater
WMC and attentional control should be able to attend more to comprehension processes.
Therefore, it was hypothesized that readers with higher WMC and attentional control would be
more able to use the cues related to regressions when making metacomprehension judgments
than readers with low WMC within each condition. In addition, reading condition could
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potentially interact with working memory so that differences in metacomprehension due to
differences in working memory could be overcome by focusing of attention to comprehension
processes. If this interaction occurs, then when comparing the usage of the cue related to
regressions when making metacomprehension judgments, low-WMC readers in the focused
condition should have similar or greater usage than the high-WMC readers in the control
condition and low-WMC readers in the control condition should have similar or greater usage
than the high-WMC readers in the distracted condition.
The fourth question of interest was how do changes in attention to comprehension
processes and individual differences in working memory affect metacomprehension accuracy. If
attention to the metalevel affects the usage of cues related to regressions when making
metacomprehension judgments, then metacomprehension accuracy should similarly be affected.
In other words, increases in the usage of cues related to regressions should be linked to increases
in metacomprehension accuracy. In addition, if individual differences in WMC affect the usage
of cues related to regressions when making metacomprehension judgments, then it should also be
reflected in metacomprehension accuracy.
Method
Participants
Two hundred ten Mississippi State undergraduate students participated in the experiment
and received class credit for participation. Before data were analyzed, videos of each
participant’s eye movements were created using fixation positions collected during each session.
Using the same data quality criteria as in Experiment 1, participants that had poor eye-tracking
data for 3 or more texts or were not reading properly were excluded (n = 28). If a participant had
eye-tracking problems for one or two texts, then that text was not included in the analysis.
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Participants were also excluded for scoring below 80% on the equation verification problems in
the OSPAN task (n = 6), not performing the OSPAN task correctly (n = 1), and poor test
performance (n = 2). As a result, analyses were performed on 173 participants: 55 in the focused
condition, 60 in the distracted condition, and 58 in the control condition.
Design
The study used a three-way (Reading condition: focused, distracted, control) factorial
design with reading condition as a between-subjects manipulation.
Materials and Equipment
The reading materials were the same as Experiment 1. For the text questions, a subset of
the questions was modified for clarity (See Appendix B). The operation span task was used as a
measure of working memory capacity (Unsworth, Heitz, Schrock, & Engle, 2005). The
antisaccade task (Unsworth, Schrock, & Engle, 2004) was used as a measure of cognitive
control. Eye movements were collected using the same eye tracker and setup as Experiment 1.
Procedure
Experiment 2 followed the same order of phases as Experiment 1 with the calibration,
judgment, and test phases being the same. However, there were differences in the reading
portion. During reading, participants read each text once with reading being self-paced. Before
reading, participants in the focused condition were informed that they would have to make a
keyboard response whenever they encountered any difficulty processing the text. Participants
were given example difficulties, such as finding inconsistencies in the text, difficulty
understanding the text, and having to reread text. Participants in the distracted condition were
informed that they would have to make a keyboard response whenever a tone was played. For
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each text, the number of tones was determined by taking the average number of tones heard by
the end-of-sentence condition in Experiment 1 for each text. The number of tones ranged from 5
to 8 tones. The locations in the text at which tones were played were randomly assigned.
Whenever a participant reached the designated locations in the text, a tone was played and the
participant would have to make a keyboard response. Participants in the control condition were
not given a secondary task to perform. Participants in all three conditions were instructed to read
the texts as if they were studying for a test and informed that comprehension tests would be
given after reading of the texts was completed. The full text was displayed on the screen while
participants were reading. The order of the texts was randomized across participants. In between
texts, participants completed a calibration task that consisted of fixating on a square in two
different locations on the screen. If recalibration was necessary, then the nine-dot calibration task
was used.
After completion of the judgment phase and test phase, participants then completed an
operation span task. The operation span task consisted of three sections. The first section was a
simple letter span. Participants were presented with a series of letters and were asked to recall the
letters in order. Letters were individually presented and shown for 800ms. After the sequence of
letters was presented, participants reported the letter sequence by clicking the box next to letters
arranged in a grid. Participants completed four trials consisting of two 2-letter trials and two 3letter trials. The second section consisted of mathematical equation verifications. Participants
were first presented with numerical equations consisting of multiplication or division and
addition or subtraction (e.g., “(8/2)-1=?”). After the answer was calculated by participants,
participants clicked the mouse and were presented with a number. Participants had to determine
whether the presented number was the correct answer and clicked on either a “true” or “false”
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box to input their answer. During this section, response time for the first mouse click was
recorded. Participants completed 18 math problems. The third section consisted of the main
trials. Participants completed an equation verification, which was then followed by a letter
presented for 800ms. For the equation verifications, participants must perform the initial mouse
click before the time limit, which was determined by calculating the average response time for
the first mouse click from the second section. If the participant did not click the mouse before the
time limit expired, the next letter was shown and the participant would not have to determine
whether a presented number is correct. However, that equation verification was considered
incorrect. The number of repetitions of the equation verification and letter presentation in a trial
varied depending on set size. After the last letter presentation, participants reported the letter
sequence using the same method as the first section. After reporting the letter sequence,
participants were informed of how many letters were correctly reported and how many math
problems were correctly answered for that trial and the overall accuracy for the math problems.
Participants first completed 3 practice trials using a set size of 2. For the main trials, participants
completed 3 sets of size 3, 4, 5, 6, and 7 for a total of 15 trials.
After completion of the operation span task, participants then completed the antisaccade
task. Participants were first instructed to put on headphones and provided instructions on how to
complete a set of response practice trials. The purpose of these trials was to familiarize the
participants with the responses they would have to make in the main trials. For each practice
trial, a fixation cross was presented in the middle of the screen. The fixation cross was on the
screen for a duration of 200ms, 600ms, 1000ms, 1400ms, 1800ms, or 2200ms. Afterward, the
fixation cross disappeared and a target letter (i.e., B, P, or R) was displayed for 100ms and then
masked by an “H” displayed for 50ms and then an “8” which stayed on the screen. Participants
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were then required to report which target letter was shown by pressing the corresponding key
(i.e., 1, 2, or 3) respectively. The practice trial did not end until a response was made. There were
3 trials for each fixation duration for a total of 18 practice trials. Participants must have achieved
an accuracy of 80% before moving onto the next section. If participants scored below 80%, then
they had to redo the response practice trials.
Participants were then provided instructions on the procedure for the main trials. For each
trial, a fixation cross was presented in the middle of the screen for a duration of 200ms, 600ms,
1000ms, 1400ms, 1800ms, or 2200ms. The fixation cross was horizontally flanked on the left
and right by white squares. The squares were 11.5° of visual angle away from the fixation cross.
After the fixation period, the fixation cross disappeared and an “=” appeared in one of the
flanking positions. The “=” appeared for 100ms, disappeared for 50ms, reappeared for 100ms,
and then disappeared for 50ms. Afterward, a target letter appeared in the other flanking position
for 100ms. It was then masked by an “H” displayed for 50ms and an “8” which stayed on the
screen. Participants were then required to report the target letter by pressing the corresponding
key. The trial lasted until a response was made. If the participant made a response to the wrong
letter, then an audio tone was played through the headphones. Participants completed 54 trials
with the first 18 being treated as practice trials. There were 9 trials for each duration length. The
experiment lasted 1 1/2 hours.
Data Processing
Raw eye-tracking data was processed using the same methods as Experiment 1.
Comprehension tests were scored by two raters with an inter-rater reliability of .98.
Disagreements were resolved by a third rater.
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Results
Analyses using linear mixed effect models were done using the same approach as
Experiment 1. As in Experiment 1, continuous predictors, including WMC and attentional
control, were mean-centered. Because attentional control has been shown to be a part of working
memory capacity, a simple regression was used to separate attentional control from WMC. A
linear regression was performed using antisaccade accuracy to predict operation scan score. The
residual variance represents the aspects of working memory capacity unaccounted for by
attentional control and was treated as WMC in the analyses.
Test Performance and Working Memory Differences Between Conditions
Linear mixed-effects models were used to assess differences in test performance between
the three reading conditions. The dependent measure for this analysis was test performance. The
model used reading condition as a discrete fixed effect variable. The model also included random
intercepts for text and subject. Table 3 shows average test performance for the three conditions.
There was no significant difference in test performance between reading conditions.
Table 3
Average Test Performance and Working Memory Measures by Reading Condition
Test Performance
M

SE

Skew Kurtosis

Focused

0.46 0.05

-0.18

-0.74

Control

0.43 0.05

-0.15

-1.00

Distracted 0.41 0.05

0.29

-0.56

Note. Estimated marginal means and standard error are reported
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Simple regressions were used to assess differences in WMC and attentional control
between the three reading conditions. Linear regressions were performed using reading condition
to predict operation span score and antisaccade accuracy. Table 4 shows average performance on
the working memory tasks for the three reading conditions. There was no significant difference
in operation span or antisaccade performance between reading conditions.
Table 4
Average Working Memory Task Performance by Reading Condition
Operation Span

Antisaccade

M

SE

Skew

Kurtosis

M

SE

Skew

Kurtosis

Focused

57.15

1.58

-0.81

0.29

0.66

0.02

0.00

-0.99

Control

58.47

1.44

-0.91

0.67

0.66

0.02

-0.17

-1.20

Distracted

56.87

1.59

-0.77

-0.05

0.66

0.02

-0.07

-1.20

Reading Differences Between Reading Conditions
Linear mixed-effects models were used to assess differences in reading behavior between
the three reading conditions. The dependent measure for these analyses was number of
regressions, reading time, or number of keypresses. The model used reading condition as a
discrete fixed effect variable. The model also included random intercepts for text and subject.
Table 5 shows average reading times, regressions, and keypresses per text for the three
conditions. There were no significant differences in the number of regressions or reading time
between reading conditions. Participants in the distracted condition made more keypresses than
the focused condition, β = 2.02, SE = 0.33, p < .01.
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Table 5
Average Number of Regressions, Reading time, and Keypresses Per Text by Reading Condition
Regressions

Reading Time

Keypresses

M

SE

Skew

Kurtosis

M

SE

Skew

Kurtosis

M

SE

Skew

Kurtosis

Focused

36.13

2.11

0.17

-0.85

60.75

2.32

0.48

0.34

0.31

0.24

2.28

4.60

Control

37.59

2.06

0.51

-0.56

60.25

2.27

0.81

0.59

-

-

-

-

Distracted

33.15

2.03

0.61

0.92

57.32

2.24

0.17

0.67

2.33

0.23

0.67

-1.53

Note. Estimated marginal means and standard error are reported
Relationship Between Regressions and TJOL Magnitude
To examine whether number of regressions was a significant predictor of TJOL, linear
mixed-effects models were used to assess the effect of regressions on TJOL magnitude. The
dependent measure for these analyses was TJOL magnitude. The model used number of
regressions, WMC, and attentional control as continuous fixed effect variables and reading
condition as a discrete fixed effect variable. The control condition was treated as the intercept for
condition comparisons. For these analyses, WMC and attentional control were not allowed to
interact to examine the effect of each individual difference. The model also included random
intercepts for text and subject. Random slopes for regressions were initially included in the
model for subject and text but were excluded in the final model when the estimated variance of
the random slope was at or near zero. The first analysis that will be presented was performed
without the WM measures and the second analysis added in the WM measures.
Effect of reading condition on the relationship between TJOL magnitude and
regressions. The first question of interest was whether reducing attention to comprehension
processes would reduce the usage of cues related to regressions during metacomprehension
judgments. The second question of interest addressed was whether increasing attention to
54

comprehension processes would reduce the usage of cues related to regressions during
metacomprehension judgments. Table 6 shows the results of the LME analyses for the effect of
reading condition and number of regressions on TJOL magnitude. More regressions was
associated with higher TJOL magnitude. Decreasing attention to comprehension processes
reduced the usage of cues related to regressions as participants in the control condition had a
stronger relationship between number of regressions and TJOL magnitude than the distracted
condition (see Figure 4). Increasing attention to comprehension processes did not affect the
usage of cues related to regressions as no significant difference was observed between the
focused and control condition in the use of cues related to regressions when making
metacomprehension judgments.
Table 6
LME Fixed Effects Results of Reading Condition and Number of Regressions on TJOL
Magnitude
Estimate

SE

df

t

p

Intercept

0.05

0.14

24.59

0.33

.748

Focused-Control

-0.01

0.14

166.15

-0.09

.925

Distracted-Control

-0.17

0.14

166.83

-1.23

.221

Regressions

0.14

0.05

1279.03

2.97

.003

Focused-Control x Regressions

-0.11

0.07

1304.11

-1.58

.115

Distracted-Control x Regressions

-0.23

0.07

1305.95

-3.21

.001

Note: In the focused-control contrast, focused was coded as 1 and control was coded as 0. In the
distracted-control contrast, distracted was coded as 1 and control was coded as 0.
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Figure 4.
magnitude.

Effect of reading condition on the relationship between regressions and TJOL

Effect of working memory on the relationship between TJOL magnitude and
regressions. The third question addressed was how do WMC and attentional control affect the
usage of the cue related to regressions when making metacomprehension judgments. This
analysis was the same as the previous analysis except that WMC and attentional control
predictors were added. Table 7 shows the results of the LME analyses for the effect of reading
condition, number of regressions, WMC, and attentional control on TJOL magnitude. More
regressions and higher attentional control were associated with higher TJOL magnitude.
Participants in the control condition had a stronger relationship between TJOLs and regressions
than the distracted condition. Participants in the control condition also had a stronger relationship
between WMC and TJOL than the distracted condition (see Figure 5). Attentional control
affected the usage of cues related to regressions as participants with lower attentional control had
a stronger relationship between regressions and TJOL than participants with higher attentional
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control (see Figure 6). WMC did not affect the usage of cues related to regressions as the
interaction between WMC and regressions was not significant.
Table 7
LME Fixed Effects Results of Number of Regressions, WMC, and Attentional Control on TJOL
Magnitude
Estimate

SE

df

t

p

Intercept

3.09e-2

0.14

2.27e1

0.22

.826

Focused-Control

1.61e-3

0.14

1.63e2

0.01

.991

Distracted-Control

-1.52e-1

0.13

1.64e2

-1.13

.259

Regressions

1.41e-1

0.05

1.24e3

2.96

.003

WMC

1.86e-1

0.11

1.64e2

1.65

.102

Attentional control

2.23e-1

0.06

1.64e2

4.05

<.001

Focused-Control x Regressions

-1.15e-1

0.07

1.28e3

-1.64

.101

Distracted-Control x Regressions

-2.37e-1

0.07

1.28e3

-3.32

.001

Focused-Control x WMC

-8.31e-3

0.16

1.64e2

-0.05

.958

Distracted-Control x WMC

-3.29e-1

0.15

1.64e2

-2.19

.030

Regressions x Attentional control

-7.50e-2

0.03

1.29e3

-2.52

.012

Note: In the focused-control contrast, focused was coded as 1 and control was coded as 0. In the
distracted-control contrast, distracted was coded as 1 and control was coded as 0. WMC =
working memory capacity.
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Figure 5.
magnitude.

Effect of reading condition on the relationship between WMC and TJOL

Figure 6.
magnitude.

Effect of attentional control on the relationship between regressions and TJOL
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Relationship Between Regressions and Metacomprehension Accuracy
The fourth question of interest was how do changes in attention to comprehension
processes and individual differences in working memory affect metacomprehension accuracy.
Relative metacomprehension accuracy was computed as the relationship between TJOL
magnitude and test performance. To address the question, linear mixed-effects models were used
to examine the effect of the relationship between regressions and TJOL magnitude on test
performance. The dependent measure for these analyses was test performance. The model used
number of regressions, TJOL magnitude, question type, WMC, and attentional control as
continuous fixed effect variables. Question type was used as a fixed effect in these analyses to
examine if there were differences in metacomprehension accuracy between question types.
Because participants were not presented with sample questions prior to test, their judgments
could have been influenced by test expectancy (Thiede et al., 2011). Reading condition was a
discrete fixed effect variable. The control condition was treated as the intercept for condition
comparisons. For these analyses, WMC and attentional control were not allowed to interact to
examine the effect of each individual difference. The model also included random intercepts for
text and subject. Random slopes for regressions were initially included in the model for subject
and text. The random slopes were excluded in the final model when the estimated variance of the
random slope was at or near zero. For these analyses, TJOL magnitude was standardized within
subjects (within-subject z-score). The first analysis that will be presented was performed without
the WM measures and the second analysis added in the WM measures.
Effect of reading condition on the relationship between regressions and
metacomprehension accuracy. This analysis was performed to examine how do changes in
attention to comprehension processes affect metacomprehension accuracy. Table 8 shows the
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results of the LME analysis for the effect of reading condition, regressions, TJOL magnitude,
and question type on test performance. Replicating the findings of Experiment 1, number of
regressions and TJOL magnitude were independent, significant predictors of test performance.
More regressions and higher TJOL magnitude were associated with higher test performance. No
significant difference in test performance was observed between reading conditions. Question
type did not affect test performance. Attention to comprehension processes did not affect
metacomprehension accuracy as the interactions between condition and TJOL magnitude were
not significant. When comparing the focused and control conditions, attention to comprehension
processes and usage of cues related to regressions affected metacomprehension accuracy as there
was a three-way interaction between reading condition, regressions, and TJOL magnitude (see
Figure 7). In the focused condition, the relationship between TJOL magnitude and test
performance got stronger as the number of regressions increased. In the control condition, the
relationship between TJOL magnitude and test performance got weaker as the number of
regressions increased.
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Table 8
LME Fixed Effects Results of Reading Condition, Number of Regressions, TJOL Magnitude, and
Question Type on Test Performance
Estimate

SE

df

t

p

Intercept

4.44e-1

4.57e-2

1.22e1

9.72

< .001

Focused-Control

3.38e-2

3.23e-2

1.66e2

1.05

.297

Distracted-Control

-1.19e-2

3.16e-2

1.66e2

-0.38

.707

Regressions

4.25e-2

1.58e-2

8.82e1

2.69

.009

TJOL

1.89e-3

4.53e-4

2.51e3

4.17

< .001

Question Type

1.30e-3

8.88e-3

2.38e3

0.15

.884

Focused-Control x Regressions

-3.60e-2

2.25e-2

9.67e1

-1.60

.113

Distracted-Control x Regressions

-2.35e-2

2.25e-2

1.06e2

-1.05

.298

Focused-Control x TJOL

-1.78e-4

6.72e-4

2.51e3

-0.27

.791

Distracted-Control x TJOL

-1.41e-4

5.82e-4

2.51e3

-0.24

.809

Regressions x TJOL

-1.10e-3

4.85e-4

2.28e3

-2.26

.024

Focused-Control x Regressions x TJOL

1.97e-3

7.64e-4

2.45e3

2.57

.010

Distracted-Control x Regressions x TJOL

8.67e-4

6.39e-4

2.32e3

1.36

.175

Note: In the focused-control contrast, focused was coded as 1 and control was coded as 0. In the
distracted-control contrast, distracted was coded as 1 and control was coded as 0.
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Figure 7.

Effect of reading condition and regressions on metacomprehension accuracy.

Note: Regressions presented as a discrete variable, but analyzed as continuous.
Effect of working memory on the relationship between metacomprehension
accuracy and regressions. This analysis was performed to examine how individual differences
in working memory affect metacomprehension accuracy. This analysis was the same as the
previous analysis except that WMC and attentional control predictors were added. Table 9 shows
the results of the LME analyses for the effect of reading condition, regression, TJOL magnitude,
question type, WMC, and attentional control on test performance. Significant results from the
prior analysis were replicated. Also, higher test performance was associated with higher WMC
and higher attentional control. There was a stronger relationship between WMC and test
performance in the control condition than the distracted condition (see Figure 8). In addition,
when comparing the focused and control conditions, attention to comprehension processes and
WMC affected metacomprehension accuracy as there was a three-way interaction between
condition, WMC, and TJOL magnitude (see Figure 9). In the control condition, participants had
similar levels of metacomprehension accuracy regardless of WMC. In the focused condition,
metacomprehension accuracy decreased as WMC increased.
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Table 9
LME Fixed Effects Results of Reading Condition, Number of Regressions, TJOL Magnitude,
Question Type, WMC, and Attentional Control on Test Performance
Estimate

SE

df

t

p

Intercept

4.35e-1

4.53e-2

1.18e1

9.62

< .001

Focused-Control

4.51e-2

3.10e-2

1.65e2

1.46

.147

Distracted-Control

-7.82e-3

3.04e-2

1.66e2

-0.26

.797

Regressions

3.94e-2

1.19e-2

1.64e3

3.31

.001

TJOL

1.85e-3

4.51e-4

2.51e3

4.10

< .001

Question Type

1.30e-3

8.96e-3

2.50e3

0.15

.885

WMC

6.61e-2

2.57e-2

1.65e2

2.57

.011

Attentional control

5.42e-2

1.25e-2

1.66e2

4.33

< .001

Focused-Control x Regressions

-2.21e-2

1.73e-2

1.83e3

-1.27

.203

Distracted-Control x Regressions

-2.37e-2

1.77e-2

1.83e3

-1.34

.181

Focused-Control x TJOL

-4.91e-4

6.76e-4

2.50e3

-0.73

.468

Distracted-Control x TJOL

-5.46e-5

5.79e-4

2.51e3

-0.09

.925

Regressions x TJOL

-1.20e-3

4.72e-4

2.55e3

-2.54

.011

Focused-Control x WMC

-3.80e-2

3.55e-2

1.65e2

-1.07

.286

Distracted-Control x WMC

-7.76e-2

3.41e-2

1.65e2

-2.28

.024

TJOL x WMC

-1.15e-4

4.64e-4

2.50e3

-0.25

.805

Focused-Control x Regressions x TJOL

2.55e-3

7.66e-4

2.53e3

3.33

.001

Distracted-Control x Regressions x TJOL

1.05e-3

6.25e-4

2.54e3

1.69

.092
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Table 9 (continued)
Estimate

SE

df

t

p

Focused-Control x TJOL x WMC

-1.72e-3

6.93e-4

2.50e3

-2.48

.013

Distracted-Control x TJOL x WMC

-1.66e-4

6.02e-4

2.50e3

-0.28

.783

Note: In the focused-control contrast, focused was coded as 1 and control was coded as 0. In the
distracted-control contrast, distracted was coded as 1 and control was coded as 0. WMC =
working memory capacity.

Figure 8.

Effect of reading condition and WMC on test performance.

Note: WMC presented as a discrete variable, but analyzed as continuous.
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Figure 9.

Effect of reading condition and WMC on metacomprehension accuracy.

Note: WMC presented as a discrete variable, but analyzed as continuous.

Discussion
How Does Attention to Comprehension Processes Affect the Relationship Between
Regressions and TJOLs?
Experiment 2 was designed to answer four questions. The first question was whether
reducing attention to comprehension processes would reduce the usage of the cue related to
regressions during metacomprehension judgments. Participants in the control condition had a
stronger relationship between regressions and TJOLs than the distracted condition suggesting
that readers in the control condition were more likely to use cues related to regressions when
making metacomprehension judgments. This finding also provides evidence that the observation
of lower usage of cues related to regressions when making TJOLs by the random tone condition
than the control condition in Experiment 1 was not due to participants being misled in the nature
of the tones. The results imply that taking attention away from online comprehension processes
reduces the usage of cues related to regressions when making metacomprehension judgments.
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The second question was whether increasing attention to comprehension processes would
increase the usage of the cue related to regressions during metacomprehension judgments. No
difference was observed between the control and focused conditions on the relationship between
regressions and TJOLs. This finding suggests that increasing attention to comprehension
processes did not increase the usage of cues related to regressions when making
metacomprehension judgments.
One possible explanation for the lack of a difference is that participants in the focused
and control conditions did not differ in their monitoring of comprehension processes. Despite the
focused condition having a similar number of regressions as the control condition, the number of
keypresses in the focused condition did not significantly differ from 0. The lack of a difference
suggests that participants in the focused condition were not aware of comprehension difficulties.
This explanation would be consistent with Griffin and colleagues’ (2008) metalevel approach
which argues that monitoring processes are secondary to comprehension processes. Readers in
the focused condition placed attentional resources into primarily constructing the situation
model, resulting in few resources to monitor comprehension processes. Therefore, because there
was no difference in monitoring, the cues available to the focused condition would be similar to
the cues available to the control condition resulting in similar usage of cues related to regressions
when making TJOLs.
How Does Working Memory Affect the Relationship Between Regressions and TJOLs?
The third question addressed was how do WMC and attentional control affect the usage
of the cue related to regressions when making metacomprehension judgments. WMC did not
affect the relationship between regressions and TJOL magnitude. However, WMC did interact
with reading condition when predicting TJOL magnitude. Higher WMC participants in the
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control condition had higher TJOL magnitudes than the lower WMC participants, but this pattern
was reversed in the distracted condition. One possible explanation is that high-WMC participants
in the distracted condition tried to account for the distractions and lowered their TJOLs.
Lower attentional control was found to be related to a stronger relationship between
regressions and TJOL magnitude. This finding suggests that readers with lower attentional
control are more likely to use cues related to regressions when making TJOLs. Also, no threeway interaction between reading condition, regressions, and either working memory measure
was observed. This finding suggests that reading condition did not compensate for any deficits in
the relationship between working memory and the usage in cues related to regression when
making TJOLs.
The finding that lower attentional control participants were more likely to use cues
related to regressions when making metacomprehension judgments is the opposite of what was
predicted. One possible explanation is that readers with higher attentional controls are using
other cues when making judgments. Griffin and colleagues (2009) theorized that readers can use
three different routes when making metacomprehension judgments. In addition, within the
representation route in which cues related to regressions are contained, there are other taskrelevant cues unrelated to regressions that readers may use. If regressions are measuring
something like the ease of processing, then there may be other relevant cues, such as how much
information from a text can be recalled. Therefore, when making metacomprehension judgments,
participants must determine which cue or cues will be used to make judgments. As a result, the
more task-relevant cues that are available in primary memory, the less likely that readers will use
cues related to regressions.
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The question then becomes why working memory capacity does not affect the usage of
cues related to regressions. Following the explanation for the role of attentional control, if a
person can better retrieve information from secondary memory and/or hold more in primary
memory, then the likelihood of a person using a cue related to regressions should have been
reduced. Simply accessing or holding more information (both task-relevant and irrelevant) in
primary memory would not necessarily impact TJOLs if TJOLs are based on only task-relevant
information (i.e., metacomprehension cues). This explanation implies that the amount of taskrelevant information used to make TJOLs does not exceed the WMC of low-WMC individuals.
How Do Factors That Affect the Relationship Between Regressions and TJOLs Affect
Metacomprehension Accuracy?
The fourth question addressed was how do changes to attention to comprehension
processes and individual differences in working memory affect metacomprehension accuracy.
More regressions and higher TJOL magnitude were associated with higher test performance,
replicating the findings of Experiment 1. These findings suggest that participants were accurate
in predicting test performance using the implicit and explicit measure of metacomprehension. In
addition, higher WMC and higher attentional control were also associated with higher test
performance. These findings are consistent with previous studies that show that higher working
memory participants were able to construct more developed situation models (Carretti et al.,
2009; Daneman & Merikle, 1996).
The finding that metacomprehension accuracy increased as regressions increased in the
focused condition, but decreased as regressions increased in the control condition suggests that
participants in the two conditions were using cues related to regressions differently. Despite
having a similar relationship between number of regressions and TJOL magnitude, there were
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differences in metacomprehension accuracy. One possible explanation is that participants in the
focused condition were able to extract more information from a regression. Regressions can be
made as a response to different types of difficulties during reading (Rayner et al., 2006). In
addition, a reader may make a regression whenever difficulty in comprehension is perceived, but
a reader may or may not successfully resolve the difficulty after the regression has been made.
Therefore, the same regression could result in a different situation model and/or
metacomprehension cue depending on the outcome. Because the focused condition is attending
to comprehension processes, they may be more aware of the cause of difficulty and/or the
outcome of a regression, which could be used as a metacomprehension cue. Therefore, even with
a similar relationship between number of regressions and TJOL magnitude, metacomprehension
accuracy would differ between the two conditions.
Despite attentional control affecting the relationship between regressions and TJOL,
attentional control did not affect metacomprehension accuracy. This finding implies that even
though participants with lower attentional control were more likely to base their judgments on
cues related to regressions, they did not have greater metacomprehension accuracy than
participants with high attentional control.
WMC affected test performance between the control and distracted condition.
Participants in the control condition had a stronger relationship between WMC and test
performance than the distracted condition. This finding suggests that having to perform the
divided attention task hindered the higher WMC participants more than the lower WMC
participants. One explanation is that higher WMC maintained more information about the
secondary task in primary memory hindering the construction and maintenance of the situation
model.
69

WMC also affected metacomprehension accuracy (it moderated the relationship between
TJOL and test performance). In the focused condition, metacomprehension accuracy increased as
WMC decreased, whereas, in the control condition, metacomprehension accuracy was not
affected by WMC. This finding suggests focusing attention to comprehension processes lowered
high-WMC individuals’ metacomprehension accuracy. One explanation is that focusing attention
on comprehension processes affected the metacomprehension cues used by the high-WMC
participants. If higher WMC people are maintaining more information about the secondary task
in primary memory, then the nature and/or amount of metacomprehension cues created during
reading would be affected.
Limitations and Future Research
There are several limitations of the current experiment. The first is that participants in the
focused condition did not differ from the control condition in terms of reading behavior and
keypresses. This finding suggests that either participants did not think that they had
comprehension difficulties or they were unable to do the task correctly. The texts used were
simple narrative texts that may not have created salient difficulties. Therefore, more difficult
texts could be used to increase awareness of comprehension difficulties. Also, it was assumed
that participants would be able to determine whether they had comprehension difficulties and
make a response without training. It was expected that at the moment of difficulty that
participants would make a keypress. However, participants could have encountered and resolved
difficulties, interpreting the outcome as no need for a response because the difficulty no longer
exists. Therefore, participants may have had difficulty performing a task that is not normally
done and future versions of this study should provide training as to what are comprehension
difficulties and when responses should be made.
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Another limitation is that the nature of regressions cannot be determined. Regressions
during reading could be due to many reasons, such as failure in the integration of text
information or as a means to reinforce understanding. Given the finding that regressions were
predictive of TJOL magnitude, but still an independent predictor of test performance, future
research should examine how the nature of regressions influences metacomprehension. This
research would also provide knowledge of what cues related to regressions are being used when
making metacomprehension judgments and which cues are not.
Also, whether regressions were successful in resolving difficulties is unknown.
Successful regressions would enable the construction of a more developed situation model than
unsuccessful regressions. In addition, the success of a regression could influence cues related to
regressions that are not related to the number of regressions. For example, a reader that can
successfully resolve comprehension difficulties may give a different TJOL for a text than a
reader that makes the same number of regressions but is unable to resolve the difficulties. Both
WMC and attentional control would also affect the success of resolution. Understanding the
influence of successful resolution after integration on metacomprehension would further
understanding of the interaction between online comprehension and monitoring processes.
Future research needs to explore how readers determine which cue or cues to use when
making metacomprehension judgments. Metacomprehension studies rely on explicit judgments
as a measure of metacomprehension, but little is known about the process that a person uses to
numericize metacomprehension. Research has shown that readers can use multiple cues at once
when making metacomprehension judgments (Undorf, Sӧllner, & Brӧder, 2018). However,
having the capability to use multiple cues does not mean that is what occurs. Understanding the
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process that readers use to determine what cues are relevant is important for understanding how
to improve metacomprehension accuracy.
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CHAPTER V
GENERAL DISCUSSION AND CONCLUSIONS
The present studies aimed to examine the relationship between comprehension and
metacomprehension processes by using regressions as a measure of online monitoring. The
findings of Experiment 1 suggested that taking attention away from comprehension processes
reduces the usage of cues related to regressions when making metacomprehension judgments.
The findings of Experiment 2 further supported the findings of Experiment 1 and provided
evidence that working memory capacity and attentional control play a role in
metacomprehension. The two experiments were designed to address four aims:
Aim 1: Is There an Association Between Regressions and Judgments of Learning?
In both experiments, more regressions was related to higher judgments of learning. This
finding suggests that readers are using cues related to regressions when making judgments of
learning. In addition, because number of regressions was also predictive of test performance, it
could be used as an implicit measure of metacomprehension. One thing to note is that number of
regressions and TJOL magnitude were independent predictors of test performance suggesting
that TJOLs are not completely based on regressions. Therefore, there are cues related to
regressions that are not being accounted for by TJOLs.

73

Aim 2: Does Manipulating Attention to Comprehension Processes During Reading
Modulate The Relationship Between Regressions and JOLs?
In Experiment 1, participants that heard random tones had a weaker relationship between
regressions and TJOL magnitude than participants that did not hear tones. In Experiment 2,
participants in the distracted condition had a weaker relationship between regressions and TJOL
magnitude than participants in the control condition. These findings suggest that reducing
attention to comprehension processes during reading weakened the relationship between
regressions and TJOL magnitude.
However, in both experiments, manipulations introduced to increase attention to
comprehension processes did not modulate the relationship between regressions and JOLs. These
findings suggest that instructing participants to pay attention to comprehension difficulties may
not increase awareness of difficulties.
Aim 3: Do Individual Differences in Working Memory Capacity and Attentional Control
Account for Variance in the Strength of the Relationship Between Regressions and JOLs?
It was predicted that increases in working memory capacity and attentional control would
increase the relationship between regressions and JOLs because of the ability to maintain more
information about the situation model and metacomprehension cues. However, in Experiment 2,
participants with lower attentional control were more likely to use cues related to regressions
when making metacomprehension judgments. This finding suggests that a person’s ability to
maintain task-relevant information in primary memory affects their usage of cues related to
regressions. Also, WMC did not affect the relationship between number of regressions and TJOL
magnitude. Therefore, the strength of the relationship between regressions and JOLs is affected
by attentional control, but not WMC.
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Aim 4: How Does the Relationship Between Regressions and JOLs Affect
Metacomprehension Accuracy?
In both experiments, number of regressions and TJOL magnitude were independent
predictors of test performance. This finding suggests that there is a cue related to regressions that
is currently not being used to make TJOLs that can be used to improve metacomprehension
accuracy. In Experiment 2, metacomprehension accuracy increased as the number of regressions
increased in the focused condition. In the control condition, metacomprehension accuracy
decreased as the number of regressions increased. This finding suggests that increasing attention
to comprehension processes modulated the relationship between regressions and
metacomprehension accuracy.
In Experiment 2, despite attentional control modulating the relationship between
regressions and TJOLs, it did not affect metacomprehension accuracy. Increasing attention to
comprehension processes was found to affect the relationship between metacomprehension
accuracy and WMC. In the focused condition, metacomprehension accuracy increased as WMC
decreased. In the control condition, metacomprehension accuracy was not sensitive to changes in
WMC. This finding suggests that increasing attention to comprehension processes may affect the
metacomprehension cues being generated during reading.
The findings of Experiments 1 and 2 suggest that individual differences in working
memory affect a person’s online monitoring and metacomprehension judgments. However, a
theoretical framework for how these interactions occur is lacking in the current literature. In the
following section, a proposed framework for this relationship will be presented.
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Framework for Working Memory and Metacomprehension Judgments
A theoretical framework for the relationship between metacomprehension judgments and
working memory based on the findings of the two experiments is shown in Figure 10. During
reading, working memory influences what information is maintained and stored in secondary
memory. Readers with greater working memory capacity can maintain more information about
the situation model and online monitoring cues (and potentially task-irrelevant information).
Also, readers with greater attentional control are better able to maintain task-relevant
information. In both cases, these individual differences would result in more information about
the situation model and online monitoring cues being stored in secondary memory.
When a reader is presented with a prompt for a judgment, information from secondary
memory is retrieved and maintained in primary memory. This information can include parts of
the situation model or online monitoring cues. The more information that was stored in
secondary memory during reading, the more information that can be potentially retrieved and
used during judgment. In addition, the information maintained in primary memory can be used to
generate new, offline metacomprehension cues. For example, a reader may create a new cue
based on how much information related to a text is retrieved. When making the explicit,
numerical metacomprehension judgments, readers base the judgment on the metacomprehension
cues currently contained in primary memory. One consequence is that the more
metacomprehension cues in primary memory, the less influence a specific cue will have on the
metacomprehension judgment. The decrease in influence will occur regardless of the mechanism
used to numericize metacomprehension. If a reader uses only one cue or a subset, then the more
cues in primary memory, the less likely a specific cue will be used. If a reader aggregates all the
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cues into one cue, then with more cues in primary memory, a specific cue will make up a smaller
proportion of the final cue.
The influence of working memory during judgments occurs in the information contained
in primary memory. Working memory capacity will influence how much information is
maintained in primary memory. Readers with higher working memory capacity will be able to
maintain more information about the situation model and metacomprehension cues when making
judgments. Attentional capacity will influence how much relevant information can be used to
make the judgment (i.e., metacomprehension cues). For example, a reader with high WMC and
low attentional control would be able to maintain more information in primary memory but
would have fewer metacomprehension cues in primary memory to make the judgment.
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Figure 10.
Visual representation of the theoretical framework for working memory and
metacomprehension judgments.
Note: The top part shows the interaction during reading. The bottom part shows the interaction
during metacomprehension judgments. SM = situation model, MC = metacomprehension cue,
MCR = metacomprehension cue related to regression.

This framework makes several claims. The first is that the more cues that are stored in
secondary memory during reading, the more cues that can be used during judgments. However,
these cues may have little influence or not be used when making judgments as readers can create
offline metacomprehension cues. For a cue to be used, it must be retrieved from secondary
memory and be maintained in primary memory when the metacomprehension judgment is made.
Studies using the situation model approach have used manipulations that increase situationmodel-level cues (Dunlosky & Rawson, 2005; Rawson et al., 2000, Thiede et al., 2010). As a
result, during the judgment phase, participants are more likely to use situation-model cues.
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However, studies have also shown that participants may use cues different from what the
manipulation intended (Thiede et al., 2010). Therefore, metacomprehension judgments and
accuracy are dependent on what cues are used during judgments. In addition, manipulations
during reading can influence the likelihood of a cue being used but do not guarantee that it will
be used.
Applying this framework to the findings of Experiments 1 and 2 results in the implication
that there is a generic metacomprehension cue related to regressions that readers can use when
making TJOLs. Both experiments found that the number of regressions was a significant
predictor of TJOL magnitude. In addition, readers with lower attentional control had a stronger
relationship between the number of regressions and TJOL magnitude than participants with
higher attentional control. Therefore, despite using fewer cues, participants with lower
attentional control were still using a cue related to regression. One possible metacomprehension
cue is ease of processing. Readers may be basing their judgment on how difficult the text was to
read, though research has shown it may not be a predictive cue (Dunlosky, Baker, Rawson, &
Hertzog, 2006). This cue can be created online or offline and does not require any experimental
manipulations for it to be used. However, this generic cue is relied on less by readers with
greater attentional control suggesting that though the cue is available to readers, it is not
prioritized over other cues.
Future research to test this framework will need to develop new methodologies to
determine what cues are available to a reader at the time of judgment and what cues are used due
to the flaws of self-reports. However, studies can be designed to influence what cues are
available to a participant during judgment and examining the likelihood of participants using
those cues.
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The present research found that decreasing attention to comprehension processes during
reading hinders the usage of cues related to regressions when making metacomprehension
judgments. The findings provide a new understanding of the relationship between
comprehension and online monitoring processes using regressions as an implicit measure of
metacomprehension. It also provides a framework of the role of working memory in
metacomprehension that can be used to guide future research aimed at further understanding of
metacomprehension processes.
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APPENDIX A
EXPERIMENT 1 TEXTS AND QUESTIONS
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The Wedding
Kenny was preparing for his daughter’s wedding. He decorated the house with flowers
and put on a nice suit. After everything was almost ready, he checked on the present he had
bought for her and hidden in the pantry. He saw a smudge on the present and he tried to fix it.
Kenny used a scissor to cut the cloth before the wedding began. He then went outside to greet the
guests.
John and his rock band were sitting on the patio, looking over the contract that a record
company had just offered them. They thought this contract wasn’t as good as their last one, and
they were trying to figure out what to do. The band decided to send their reply to the record
company. John used a computer to fax a letter before he realized everyone was looking at him.
On the other side of town, Sarah was headed to the wedding of her friend. She left her
house early to make sure she got there in time, but was slowed down by traffic. On the way, she
noticed the wrapping paper on her present was torn. She fixed the wrapping paper and had an
idea about how to get around the traffic. Sarah used a shortcut to bypass the car accident and
made it to the wedding in time.

Questions
1. What is Kenny’s relationship to Sarah?
2. What type of music did the wedding band play?
3. What did Sarah do to get around the traffic?
4. What did Kenny use to cut his present?
5. What did Kenny decorate the house with?
6. What did Kenny try to fix on his present?
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7. What did John fax?
8. Where did John and his band sit?
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Dinner at Carla’s
Carla invited her friends to a dinner party on Saturday night. She was making Mexican
food, and it took a lot longer than she expected. While waiting, her friends drank wine and began
gossiping. Her friends became very hungry and a little drunk and started arguing. Seeing that she
might have a problem soon, Carla used water to calm the steaming beans and rushed the
enchiladas to the table.
Carla wanted to give her boyfriend a nice surprise and invited him to come over for
dinner with her friends. She wanted to cheer him up because he had been really stressed out.
After he came in and sat down, Carla used a fork to serve the quesadilla, gave him a beer, and
hoped that his day would get better.
Lindsey was late to the dinner. After she got there, she noticed that in her rush she had
forgotten to put on her makeup. As she was walking to Carla’s door. Lindsey quickly put on the
makeup she had in her purse. In her rush, she dropped some of her makeup on the ground. She
kneeled down on the ground and used some brushes to apply the mascara in the garden. When
she entered the house, a plate of Mexican food was waiting for her.

Questions
1. Why was food ready for Lindsey when she arrived?
2. Why did Carla want to give her boyfriend a nice surprise?
3. What did Lindsey use in the garden to apply her makeup?
4. What did Carla’s friends get drunk on?
5. What type of food did Carla make?
6. What did Carla give her boyfriend to drink?
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7. Carla used what to calm the steaming beans?
8. What did Carla feed her boyfriend?
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The Camping Trip
Frank and his kids stopped at a store to pick up food for a camping trip. After checking
out, Frank tried to carry the heavy bags, but two ripped and food scattered everywhere. He asked
his children to help him with the bags, but they were playing tag in the parking lot and refused.
Frank used some chocolate to lure the bothersome children across the parking lot.
Jenny wanted to be a naturalist when she grew up. She loved nature and spent a lot of
time out in the field behind her house, collecting samples of plants and bugs. While in the
parking lot, Jenny used a net to catch an unlucky butterfly that she kept for a minute. When
Frank told her it was an endangered species, she released it. Jenny got into the car, eager to catch
more butterflies at the campsite.
Later that night, Frank and his kids were sitting around the campfire. It was getting chilly,
but they planned to stay up and watch the night sky. They changed into their sweaters to stay
warm. Around midnight, they unpacked their astronomy equipment. Frank used a telescope to
watch a bright comet in the night sky. Happy they were able to view the natural phenomenon, the
campers left at sunrise.

Questions
1. What is Jenny’s relationship to Frank?
2. How long was the camping trip?
3. What did the campers change into when it got chilly?
4. How long did Jenny keep the butterfly?
5. What object was seen in the night sky?
6. What did Jenny want to be when she grew up?
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7. What did Jenny use to catch the butterfly?
8. What did Frank use chocolate for?
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Family Reunion
Jordan was hosting a family reunion at his cottage by the ocean. He was planning a
special lunch on Friday because everyone was going to leave on Saturday. In order for the food
to be ready on time, he had to start cooking early. The night before the reunion, Jordan used a
straw to drink a soda as he made a batch of rolls. Whenever there was a shortage of bread, it
helped that he worked as a baker.
Jordan’s great aunt Harriet was finally coming home from a long stay at the hospital. On
Friday morning, Jordan went over to Harriet’s house to pick her up. He saw that all of the little
ceramic miniatures on the shelves were dirty, and there was a huge spider web in the corner.
Knowing that Harriet was afraid of insects, Jordan used bug spray to repel the ugly spiders and
saved the day.
After the family reunion, Jordan’s mother went to the carnival with her grandson
Tommy. There was a clown selling toys and cheap carnival items, and Tommy saw what he
wanted. He begged and begged his grandmother, and she used some candy to spoil the child
before he started to cry. On the ride back to the cottage, Tommy was happy that he got the
stuffed animal he wanted.

Questions
1. What is Tommy’s relationship to Jordan?
2. On what day did Jordan start cooking?
3. What was used to buy Tommy’s stuffed animal?
4. Why did Jordan make rolls?
5. Where was Jordan’s cottage located?
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6. Who was coming back from the hospital?
7. What did Jordan use the straw to drink?
8. What did Jordan use bug spray for?
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The Hunting Trip
Jeremy worked as a software engineer. He had been working hard on one piece of
software that he could not quite finish the way he wanted. He was very upset and wasn’t talking
to anyone. One night when he was with his girlfriend, he realized what he needed to do. Jeremy
added credits to the new program and felt very happy. He was finally able to solve his problem.
The next day, Jeremy took his business partner hunting. He owed his partner a lot of
money and felt really guilty about it. After a long day of tracking deer, they still hadn’t caught
anything and decided to rest by a pond with lots of ducks. Wanting to settle his debt, Jeremy
used a check to reimburse his partner that emerged from the reeds. After getting the check, his
partner then decided to go home.
Jeremy decided to stop hunting and set up camp for the night. He started to make dinner
and set up his bedding. He went to his car and got a tent, a pump, and cooking ingredients.
Jeremy inflated the tent that he was carrying, boiled carrots in water with some beans, and made
a satisfying soup. After a long day of hunting, Jeremy finally got some rest in his tent.

Questions
1. What ingredients did Jeremy use in his soup?
2. What was Jeremy hunting?
3. How did Jeremy finish the piece of software he was working on?
4. What did Jeremy use the pump for?
5. What is Jeremy’s profession?
6. Who was Jeremy with when he realized how to finish his program?
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7. Who did Jeremy reimburse?
8. What animals were by the pond that Jeremy rested at?
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Summer in Paris
Hilary was spending the summer in Paris, trying to perfect her French. After
touring a cathedral, she noticed a man fishing in the pond under the hanging branches of a big
tree. Hilary went over to the pond and used a joke to amuse the old man while her friends walked
by. The man didn’t like the disturbance and looked for another spot to fish.
The cathedral that Hilary visited was in an old French town and was undergoing
renovations. Pigeons had been living in the rafters and some of the stained glass was broken.
However, on Easter Sunday, the town decided to celebrate Mass in the cathedral instead of in the
chapel they had been using temporarily. A priest used a pot to hold the holy water carefully so
that it would stay pure on the walk over to the cathedral.
During her time in Paris, Hilary worked as a waiter at a fancy restaurant. One day, a
couple celebrating their first anniversary came in for dinner. She took their appetizer order.
Hilary used some knives to slice the French cheese and placed it on the table with some red
wine. The couple liked Hilary’s service. The meal cost 40 Euros, but the couple decided to give
Hilary a big tip. She used the 20 Euros and went to observe the scenery from the top of the Eiffel
Tower.

Questions
1. Why was Mass in the French town temporarily being celebrated in the chapel?
2. Why did the man move from his fishing spot?
3. How many Euros was Hilary’s tip?
4. How did Hilary prepare the couple’s appetizer order?
5. Why was Hilary in Paris?
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6. On what day was Mass celebrated in the cathedral?
7. How did the priest maintain the purity of the holy water?
8. Who did Hilary tell the joke to?
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Ted’s Adventure
Ted and his friends were playing some ball one day on a cold and rainy Saturday
afternoon. Ted wanted to be the quarterback, and he was the best, so everyone let him. However,
he was having a hard time not fumbling. On the next play, he used his shirt to dry the damp
football. From then on, fumbling was no longer a problem.
Ted was making dinner for himself later that night and started to reminisce about his high
school days. His greatest moment was when he was crowned prom king. It was nice to think
about that moment when he found out he won, but he could not remember who his date was. Ted
finished chopping an onion, and then he used pan to fry the cut onion that was so sweet.
Afterwards, Ted was on his way to see Ozzy Osbourne play at the Mellon Arena. Earlier
in the day, an acquaintance had given him a ticket. People were saying that Ozzy was supposed
to be doing some nasty and distasteful things that night onstage. Along his way, he got hungry
and stopped and got some ice cream. He got to the arena and used his tongue to lick the ice
cream, knowing that he would regret it later. The next day, he went to the DMV to thank his
friend.

Questions
1. Why was Ted having a hard time not fumbling?
2. What was the title of the person that Ted went to the prom with?
3. What did Ted do to not fumble the ball?
4. Why did Ted get a ticket?
5. What was Ted’s greatest moment?
6. Who did Ted go to see at the Mellon Arena?
102

7. What did Ted use a pan to fry?
8. What did Ted lick?
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The School Show
Brian liked to perform for people. One day Brian's teacher said that she was going to
choose children for a school show next month. Brian wanted to be chosen. Brian told his teacher
that he could sing. He played the piano and sang Yankee Doodle, but not that well. Brian's
teacher did not choose him.
Brian then decided to put on a good magic act. Brian bought some magic cards and a
magician's hat. Then he tried to do some tricks with the cards. Brian found that the tricks were
difficult to perform. Brian wanted to learn how to perform many kinds of magic tricks. Brian
called some magic schools and went to one. Brian asked a magician if he would teach him. He
was told to come to the school the next day.
Brian went to magic school every day for three days. He watched how each trick was
done. He practiced the tricks over and over. Brian finally learned how to perform many hat
tricks. He picked out the best tricks he could do for his act. Brian had put together a really good
magic act. Then Brian showed his teacher his magic act. Brian made some flowers come out of
his teacher's ear. Brian's magic act was chosen to be the special act for the school show.

Questions
1. Why did Brian’s teacher not choose him for the show initially?
2. What trick was Brian best at?
3. What kinds of tricks were difficult for Brian to perform before magic school?
4. What kind of tricks did Brian learn at magic school?
5. What instrument did Brian play?
6. What song did Brian sing?
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7. How long was Brian in magic school?
8. Who did Brian ask to teach him magic?
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The Wedding
1. What is Kenny’s relationship to Sarah?
2. What type of music did the wedding band play?
3. What did Sarah do to bypass the traffic?
4. What did Kenny use to cut his present?
5. What did Kenny decorate the house with?
6. What did Kenny try to fix on his present?
7. What did John fax?
8. Where did John and his band sit?

Dinner at Carla’s
1. Why was food ready for Lindsey when she arrived?
2. Why did Carla want to give her boyfriend a nice surprise?
3. What did Lindsey use in the garden to apply her makeup?
4. What did Carla’s friends get drunk on?
5. Of what nationality was the food Carla made?
6. What did Carla give her boyfriend to drink?
7. Carla used what to calm the steaming beans?
8. What did Carla feed her boyfriend?
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The Camping Trip
1. What is Jenny’s relationship to Frank?
2. How long was the camping trip?
3. What clothing did the campers change into when it got chilly?
4. Specifically how long did Jenny keep the butterfly?
5. What object was seen in the night sky?
6. What did Jenny want to be when she grew up?
7. What did Jenny use to catch the butterfly?
8. What did Frank use chocolate for?

Family Reunion
1. What is Tommy’s relationship to Jordan?
2. On what day of the week did Jordan start cooking?
3. What was used to buy Tommy’s stuffed animal?
4. Why did Jordan make rolls?
5. Where was Jordan’s cottage located?
6. Who was coming back from the hospital?
7. What did Jordan use the straw to drink?
8. What did Jordan use bug spray for?
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The Hunting Trip
1. What ingredients did Jeremy use in his soup besides carrots?
2. What was Jeremy hunting?
3. What did Jeremy do to finish the piece of software he was working on?
4. What did Jeremy use the pump for?
5. What is Jeremy’s profession?
6. Who was Jeremy with when he realized how to finish his program?
7. Who did Jeremy reimburse?
8. What animals were by the pond that Jeremy rested at?

Summer in Paris
1. Why was Mass in the French town temporarily being celebrated in the chapel?
2. Why did the man move from his fishing spot?
3. How many Euros was Hilary’s tip?
4. What did Hilary do to prepare the couple’s appetizer order?
5. Why was Hilary in Paris?
6. On what holiday was Mass celebrated in the cathedral?
7. How did the priest maintain the purity of the holy water?
8. Who did Hilary tell the joke to?
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Ted’s Adventure
1. Why was Ted having a hard time not fumbling?
2. What award was given to the person that Ted went to the prom with?
3. What did Ted do to not fumble the ball?
4. Why did Ted get a ticket?
5. What was Ted’s greatest moment?
6. Who did Ted go to see at the Mellon Arena?
7. What did Ted use a pan to fry?
8. What did Ted lick?

The School Show
1. Why did Brian’s teacher not choose him for the show initially?
2. What magic trick was Brian best at?
3. What kinds of magic tricks were difficult for Brian to perform before magic school?
4. What kind of magic tricks did Brian learn at magic school?
5. What instrument did Brian play?
6. What song did Brian sing?
7. How many days was Brian in magic school?
8. Who did Brian ask to teach him magic?
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